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On thb Origin of the Cold Weather Storms of the Year 1893 in 
India, and the character of the Air Movement on the 
Indian Seas and the Equatorial Belt, more especially during 
the South-west Monsoon Period (as shown by the data of 
the Indlan Monsoon Area Charts for the Year 1893). 

By JOHN ELIOT, MA., F.RS., 

Meteorological Reporter to the Government of India. 
[Read November 19, 1895.] 

The Government of India, in the year 1892, sanctioned the publication 
for two years (viz. 1893 and 1894) of Daily Charts, giving the chief 
features of the Meteorology of the Indian Monsoon area. I propose in 
the present paper to discuss some of the points on which these Charts, 
for the first year of their publication, have shed light. 

Indian Monsoon Area, 

The Indian Monsoon area includes that portion of Southern Asia and 
the adjacent seas in which the year is primarily divided into two seasons 
of nearly equal period and of opposite meteorological conditions, one 
being characterised by the prevalence of dry land winds, and the other 
by the prevalence of sea winds of great volume and intensity. These 
seasons are known as the North-east Monsoon and the South-west Monsoon, 
so called from the prevailing winds in the open sea areas of the Bay of 
Bengal and Arabian Sea. 

The general direction of the lower air movement over India during 
the North-east or dry Monsoon is from the interior of the land areas to- 
wards the ocean, but its local direction is mainly determined by the river 
valleys. This air movement is very feeble over the whole of North- 
Western India, and its rate, during the greater part of the period, i.e. from 

B 



2 ELIOT— ORIGIN OF THE COLD WEATHER STORMS 

December to February, does not average more than 2 or 3 miles per hour. 
Various phenomena suggest, if they do not establish, that this current 
over India is comparatively shallow. Little or nothing is actually known 
of the vertical succession of currents below the cirrus region. The daily 
observations of the cirrus show that there is a constant strong drift in 
the upper atmosphere from about west-south-west or west to east-north- 
east or east. The lower air-current of the North-east Monsoon has its 
origin as a horizontal movement in Upper India. It is undoubtedly fed, 
to some extent, by air-drift down the passes or valleys running trans- 
versely through the mountains bounding the north-west frontier of India. 
It is not, however, the continuation of a horizontal current advancing 
from Afghanistan or Baluchistan, or across the Himalayas from Thibet. 
One of the more remarkable features of the meteorology of the frontier 
districts (more especially the Kachhi Desert in Sind) is the stillness of 
the air on ordinary fine days in the cold weather. This is, of course, 
accounted for by the preceding statement of the northern limit of the 
North-east winds as a lower horizontal air movement. 

During the months of March, April, and May the air movement in 
the interior is unchanged in general direction, but is intensified by the 
thermal conditions ; whilst in the coast districts sea and land winds of 
greater or less intensity, due to the same conditions, prevail. The com- 
bination of these air movements gives rise to a complex system of winds, 
which are shown more or less fully in the published Daily Weather Charts 
of the period. 

The South-west Monsoon obtains from June to November, during 
which time strong and steady oceanic currents prevail and extend over 
the whole of India, giving high humidity, moderately high temperature 
with small diurnal range, and frequent and heavy rain. 

One of the objects for which the preparation of these charts was 
undertaken was to ascertain the origin of the cyclonic storms that pass over 
Northern India during the cold weather, and which are the chief source 
of the snowfall of the Western and Central Himalayas. 

It may be presumed by way of explanation that cyclonic storms are 
of frequent occurrence in each of the two seasons, viz. the North-east 
Monsoon and the South-west Monsoon. The storms of the two seasons, how- 
ever, differ in many important respects, and to such an extent that they 
may be regarded as belonging to two different classes or types of cyclonic 
disturbances. The storms of the South-west Monsoon originate almost 
invariably over a sea surface, and travel in very variable directions, 
ranging between west and north-east, and with very varying velocity, and 
occasionally develop into intense and furious hurricanes. The cyclonic 
storms of the North-east Monsoon almost invariably originate over the 
plateau of Persia or in Baluchistan, or North- Western India. They travel 
in a nearly constant direction (averaging between east and east-south-east), 
and with a moderately high and nearly uniform velocity, ranging between 
15 and 20 miles per hour. Finally, they are, as storms, feeble, or, in 
other words, they are never near the sea -level accompanied by violent 
winds or with cyclonic downpours of rain. The plateau-formed storms 
of the cold weather are the chief instruments of the distribution of 
the moderate rainfall essential for the cold weather wheat and other 
crops of Northern India, and are the chief sources of the snowfall of 
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the Western Himalayas ; and hence their economic importance and the 
necessity for investigating their origin, preparatory to commencing the 
work of issuing seasonal forecasts for this period, as well as for the South- 
west Monsoon period. 

Cold JFeather Storms^ January and February 1893. 

The following gives a brief sketch of the origin of the cold weather 
storms of the months of January and February 1893, and of the meteoro- 
logical conditions obtaining in Eastern and Southern Europe at the time 
of their inception, and also a statement of the chief conclusions derived 
from their examination. 

Seven fairly well-defined cold weather storms passed across Northern 
India during the cold weather of 1892-93. The first originated probably 
in the Persian area in the last week of December. Its later stages are 
hence only shown in the series of charts for 1893. 

The following is a brief statement of the chief circumstances of the 
origin and march of the six cold weather storms shown in these charts 
for the months of January and February 1893 : — 

(1) Cold IVeather Disturbance of January \2th-\lth. — A depression formed in 
the Mediterranean Sea on the 1st and 2nd. It advanced slowly from the Gulf of 
Lyons south-eastwards, but filled up partially on the 6th and 7 th. A cyclonic 
storm crossed West and Central Europe on the 8th, 9 th, and 10th, and passed 
into Central Russia on the 11th and 12th. Fine weather prevailed in the 
Persian area during the first week of January. Pressure gave way slightly on 
the 8th and 9th, but increased slightly on the 10th over the Persian and Indian 
areas. The pressure changes were small in the Persian area on the 12th and 
13th, but were large in North-Western India and Baluchistan. Weather was 
cloudy and disturbed in Persia and the Persian Gulf on the 10th and 11th. A 
depression formed during the next 24 hours in Baluchistan and Upper 
India, which drifted east-south-eastwards across Northern India during the next 
four days. The central depression was in Baluchistan on the morning of the 
1 2th, Sind on the 13th, Central Rajputana on the 14th, Bagelkhand and the 
south-eastern districts of the North- Western Provinces on the 15th, Bihar on 
the 16 th, and Bengal on the 17 th. It hence advanced at an average rate of 
about 400 miles per diem. 

A second but very feeble disturbance affected Upper India on the 16th and 
1 7th. It almost certainly originated as a very shallow depression in Baluchistan 
during a period of slightly disturbed weather in the whole Persian area, and 
advanced in the rear of the preceding disturbance, and its chief effect was to 
prolong the rainy weather in Upper India initiated by the previous disturbance. 
It was of very slight intensity throughout, and is hence not reckoned as a 
cyclonic storm. The double disturbance gave an unusually heavy and prolonged 
burst of rain to the whole of North- Western India, and heavy snowfall in the 
Western Himalayas. 

(2) Storm of Janiuvry '^2nd-2Qth. — A low pressure area lay over the Gulf of 
Lyons on the 15th. It shifted slowly in a south-easterly direction, and covered 
Italy and Sicily on the 19th, and filled up during the next 48 hours in 
the eastern half of the Mediterranean Sea. It advanced at an average rate of 
about 180 miles per diem from 6 p.m. of the 15th to 6 p.m. of the 18th. During 
the whole of this period a well-marked high pressure area lay over Russia, and 
anticyclonic conditions extended from that area over the whole of Southern 
Europe and the Mediterranean on the 19th and 20th. 

Weather was fine and clear in the Persian area and Northern India on the 
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20th and 21st. Pressure gave way in Persia on the 2l8t, and increased in 
Northern India. It decreased over the whole of Persia, Baluchistan, and 
Northern India during the next 24 hours, the fall being greatest in Baluchistan ; 
and on the morning of the 23rd an area of considerable deficiency of pressure 
lay over Sind, Baluchistan, and East Persia. The barometric observations at 
Baghdad and Bu shire indicate clearly that the disturbance was formed in 
Baluchistan and East Persia on the 22nd, and was not transmitted eastwards 
across Turkey from South-eastern Europe. 

The storm consisted of a well-marked primary depression, which advanced 
nearly due eastwards. The central depression was in about long. 68^° E. at 
8 a.m. on the 23rd, in long. 74j° E. on the 24th, in long. 81^** E. on the 25th, 
and in long. 88^** E. on the 26th. Its average rate of motion was hence about 
400 miles per diem^ or 17 miles an hour. A feeble secondary depression formed 
in the Punjab on the 24th and filled up during the next 24 hours. This 
double storm gave moderate to heavy rain over the whole of Northern India, 
and heavy snow in the Western Himalayas and Afghan mountains. 

(3) Gold Weather Storm of January '^Ith-^Oth. — Anticy clonic conditions pre- 
vailed in Eastern and Southern Europe (pressure ranging between 30*0 in. and 
30*8 in.) from the 24th to the 28th. A depression lay over South Russia on 
the 23rd, and advanced north-eastwards on the 24th. Pressure was steady in 
Asiatic Turkey and Persia on the 22nd and 23rd, and increased on the 24th. 
On the 25 th and 26th it fell slightly at Baghdad and Bushire, and rapidly in 
Baluchistan and East Persia ; and on the morning of the 27th a shallow de- 
pression lay over that area. 

The evidence hence appears to be conclusive that it was formed in Baluchistan 
and East Persia. It advanced rapidly eastwards, and was central in long. 64* E. 
on the morning of the 27th, in long. 74" E. on the 28th, and in long. 84° E. on 
the 29th. Its average rate of motion was 600 miles per diem from the 27th to 
the 29th. A deepish secondary depression formed rapidly in the Punjab on the 
28 th, and filled up equally rapidly during the next 24 hours. The double 
disturbance gave slight to moderate rain over Sind and the Punjab, and light 
showers in the Gangetic plain and heavy snow in the Western Himalayas. 

(4) Storm of February ^th-8th. — Anticyclonic conditions held steadily in 
Southern and Eastern Europe from January 24th until the end of February. 
Pressure was abnormally high in the Black Sea on the 3rd and 4tb, when the 
present storm was generated. Weather was fine and clear, and pressure in- 
creasing at Baghdad and in Persia on the 31st. No change occurred at Baghdad 
during the next 48 hours. Pressure gave way briskly in Central Persia on 
February 1st and 2nd, and a well-marked disturbance was shown on the 
morning of the 3rd in Eastern Persia and the Gulf of Oman, where winds of 
force 5 to 7 were experienced by several vessels during that day. 

The whole of the observations indicate that the depression formed on the 1st 
and 2nd in Central Persia. The central depression was in long. 60" E. at 
8 a.m. on the 4th, in long. 64° or 65° R on the 5th, in long 74° E. on the 6th, 
in long. 84° E. on the 7th, and in long. 93° or 94° E. on the 8th. It hence 
advanced from the 5th to the 8th at the rate of about 600 miles per diem, or 
25 miles an hour. It gave rise to a very feeble secondary depression in the 
Punjab on the 6th. The mean strength of winds in the Gulf of Oman and the 
north of the Arabian Sea in January and February is 2*0, and ranges between 
1 and 3. Winds of force 6 to 9 were reported by several vessels on the 7th, 
with " blinding rain " in the Gulf of Oman and ofl^ the Mekran coast, and the 
storm was hence of moderate severity and intensity in that area. 

(5) Storm of February llth^l^th. — Marked anticyclonic conditions con- 
tinued, as already stated, in Southern and Eastern Europe from January 24th 
until the last week of February. Pressure increased on the 8th over the whole 
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of Persia and India. It fell in Persia on the 9th and continued to rise in India. 
It decreased rapidly in Persia during the next 24 hours and began to fall in 
India, and on the morning of the 11th a shallow depression lay over South-east 
Persia and the Gulf of Oman. The depression was stationary in South-east 
Persia during the next 24 hours, a strong confirmation of the inference, from 
pressure and other data, that it formed in that area. It advanced from about 
loni;. 60" R on the 12th to long. 72** E. on the 13th, and to long 84° E. on the 
14th ; and hence at an average rate of nearly 30 miles an hour, and even more 
rapidly than the preceding two depressions. It also marched along a more 
southerly track than the preceding storm. It was throughout a feeble disturb- 
ance, but gave cloudy weather and light to moderate rain showers for a brief 
period in Northern India. 

(6) Cold Weather Storm of February 21^^25^^. — High pressure conditions 
prevailed in South and South-east Europe prior to and during the generation of 
this depression. It formed in the Persian area on the 19th during a short period 
of uniform pressure. Pressure gave way briskly on the 18th and 19th in West 
and Central Persia, aiid on the morning of the 20th an area of deficient and 
low pressure lay over that area. It advanced eastwards, intensifying during the 
next 24 hours, and the centre was in about long. 63° E. at 8 a.m. of the 21st. 
It passed into North -Western India on the 22nd, giving rise to a slight secondary 
depression in the Punjab. This depression filled up before the morning of the 
23rd, but the primary depression continued to pass eastwards as a very feeble 
disturbance. The centre was probably in about long. 72° or 73° E. at 8 a.m. on 
the 22nd, in about long. 80° K on the 23rd, and in long. 88° E. on the 24th. 
It hence advanced at an average rate of about 500 miles per diem from the 21st 
to the 24th. 

The precipitation accompanying these storms is generally small in 
amount inUhe plains of Northern India, and usually decreases in amount 
eastwards down the Gangetic plain and southwards from the Himalayas. 
The precipitation (which occurs chiefly as snow) is, on the other hand, 
large in amount in the Western Himalayas, and increases rapidly with 
elevation on the southern face of that mountain range. 

The character and distribution of the precipitation during the storms 
of January and February 1893 is given below : — 



TABLE I. — Rainfall in Plains op Northern India. 



1893. 


Punjab. 


Rajputana 

and 

Central 

India (W). 


N.W. 
Province. 


Central 
India. 


Bihar. 


Bengal. 


Jan. 1-3 

„ 12-17 
„ 22-28 

Feb. 4-8 

„ ii-M 
„ 21-25 


in. 
0-24 

0-45 

1-30 

0-45 
0-85 
1-17 


in. 

0-17 
o-oi 
0-45 
o-o8 
o*o6 
0-47 


in. 

0*17 
0-20 
0-58 

0-33 
0-37 
I-I4 


in. 

0-2I 
0-03 
0-13 
0-03 
0-02 

o*37 


in. 

• • • 

0*04 
0-47 
0-15 
0-44 

113 


in. 

• • • 

o-oi 
0-41 

0-39 
072 

1-29 


Total . 


4-46 


1-24 


279 


079 


223 


282 
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TABLE II. — Snowfall in the Western Himalayas. 



1893. 


Murree, 
6344 ft. 


Chamba State, Forest Stations. 


Gurhwal 

and Kumaon, 

8000 to 

12,000 ft. 


Tisa, 
5000 ft. 


Bhandela, 
5500 ft. 


Thanela. 


Dalhousie. 


January 
February 


ft. in. 

12 I 

13 10 


ft. in. 

6 3 

* 


ft. in. 
12 3 


ft. in. 

II 8 


ft. in. 
15 4 


ft. ft. 

16 to 30 
10 to 20 


Total 


25 II 










26 to 50 



* The snowfall measurements of these stations for February have not been received. 



Except in Gurhwal and Kumaon the amounts given above were 
obtained from exact measurements. The fall on the Gurhwal passes was 
estimated by the subordinate native officials of that district. The estimate, 
however, agrees closely with the actual measurements made at Murree 
and in the Chamba State. 

It is almost certain that the snowfall in the Himalayas to the north 
of Kashmir, Punjab and North- West Provinces is received almost entirely 
during the North-east Monsoon, and that little falls during the South- 
west Monsoon, and the preceding estimate of the fall during the two 
months of January and February 1893 shows that the winter supply is 
almost certainly sufficient for the summer and autumn melting. 

The foregoing has given a brief account of the more important cold 
weather storms which affected Northern India in January and February 
1893. One only of these storms was formed shortly after a storm had 
passed eastwards from the Central to the East Mediterranean and Black 
Seas, but it does not appear to have been the continuation of that storm. 
The remaining storms were all initiated in the Persian area during the 
prevalence of high pressure conditions in South and South-east Europe. 

The cold weather storms of 1893 were, with perhaps one exception, 
formed in the plateau of Iran during the prevalence of strongly marked 
and persistent anticyclonic conditions to the north and west. It is 
probable that these represent the combination of conditions most 
favourable to their formation. 

The storms advanced in easterly directions at an average rate of 
about 500 miles per diem, or slightly greater than the mean rate deduced 
from the imperfect information utilised in my paper on " Cold Weather 
Storms in India, 1 876-9 1."^ 

It is hence almost certain that, with perhaps very rare exceptions, the 
cold weather storms of the Indian Monsoon area are not the continuation 
of European storms, and that the large majority of the more important 
depressions and storms of the Indian area in the months of December, 
January, and February are generated in the plateau area between the 
Euphrates and Indus valleys. Whether their formation is dependent 
upon the conditions to the north and west {i.e, in Russia and Turkestan) 
can as yet only be surmised ; but it appears to be most probable that 

* Indian Meteorological Memoirs^ vol iv. p. 856. 
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the prevalence of anticyclonic conditions in Russia would be undoubtedly 
favourable, and this is borne out by the experience of 1893. 

The continuation of the work of observation in Persia will, it may 
reasonably be expected, throw much light on the conditions and circum- 
stances of the generation of these plateau-formed storms in Persia, which 
form in many respects a striking contrast to the cyclonic storms of the 
South-west Monsoon in India. 

The South-west Monsoon, 

The Indian Monsoon Area Charts for 1893 throw a considerable amount 
of light on the character of the air movement of the South-west Monsoon 
in the Indian Seas, and on the changes which accompany the advance or 
establishment, and the retreat of the oceanic cuiTent from the Indian 
Monsoon land area. As to the phenomena and the causes of this current, 
there is a considerable diversity of opinion amongst meteorologists, so 
far as can be judged from the current literature. The phenomena are, 
to any one who has lived for some years in the interior of Northern or 
Central India, simple and broadly marked. Before the setting in of the 
South-west Monsoon, intensely dry hot weather prevails, and strong 
land winds laden with dust blow down the large river valleys of the 
Ganges, Brahmaputra, and Indus, towards the sea. This weather lasts 
for two or three months {Le, March to June), with increasing intensity 
until the month of June, when finally a series of thunderstorms burst 
over the country and initiate a complete change of winds and weather. 
The change — ^almost certainly the most rapid and complete seasonal 
change to be observed in any country of the world — ^is frequently 
effected in the space of a few days over nearly the whole of the large area 
including Northern and Central India. This sudden change, termed very 
significantly "the burst of the Monsoon," is too frequently overlooked 
in the explanations that are given of the South-west Monsoon. Before 
deducing from the charts for 1893 some of the facts which appear to 
throw light on the phenomena of the advance and withdrawal of the 
South-west Monsoon proper from India, I give extracts from various 
meteorological works, which state the views generally held at the present 
time, of the causes which determine this massive change. 

The following represents Ferrel's views, as given in his last work, 
A Popular Treatise of the Winds : — 

Monsoon winds, like land and sea breezes, are due to periodic alternations 
of the relative temperature conditions or disturbances of the normal conditions 
between sea and land. They are atmospheric disturbances arising from 
differences of temperature between continents and the surrounding ocean, or 
between any region of the earth^s surface abnormally heated or cooled and the 
surrounding parts. The strength of the Monsoon winds depends much upon 
the nature of the surface of the continent. They are most vigorous in countries 
and in oceans adjacent to high mountain rangea The Monsoon winds in India 
owe a portion of their strength to the presence of the vast Himalayan mountains 
and the Central Asian table-land. As the sun approaches in its annual march 
the northern tropic, the air of the Himalayan southern slope, the desert of Gobi 
and the sun-burnt places of Central Asia are warmed to a temperature much 
above that of the adjacent and surrounding area at a distance on the same level, 
thus occasioning a powerful centripetal and ascensional tendency in which the 
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air is drawn in towards the centre of warmth and rarefaction from all sides, but 
especially from the equatorial side. The indraught when once established is in 
large part maintained by the energy released during the condensation of the 
rainfall of the period. 

The wind data that have been collected establish that during the South- 
west Monsoon the South-east Trade Winds gradually change in advancing across 
the equator to South-west winds to the north of the equator, the observed 
directions being mostly south-east to the south of the equator and south- 
west to the north of it, and there is no calm belt during that period at or near 
the equator. 

Scott in his Elementary Meteorology says that "the Monsoons of 
Southern Asia exhibit the dependence of air motion on temperature on 
the extensive scale." He also states that " the explanation advanced first 
by Dove that the South-west Monsoon is produced by the great rarefaction 
of the atmosphere over Central Asia is not sufficient to explain the 
phenomena, more especially the non-advance of Monsoon winds across 
the Himalayas into Thibet." 

Abercromby in his Weaiher describes briefly in the following terms 
the changes initiating the South-west Monsoon : — 

In the month of February we find a very shallow stationary depression — 
not a cyclone — over Lower Bengal, a belt of high pressure stretching across the 
Bay of Bengal from Madras to Rangoon, and a general diminution of pressure 
from that belt to the equator. From this we might reasonably expect what we 
find — flight South-west wind over Lower Bengal, variable breezes over Madras, 
and a light North-east Monsoon across Ceylon ; but it is not so obvious why the 
South-west wind should be so fine and dry as it is. The low pressure over 
Bengal gets gradually more pronounced, and spreads with its accompanying 
South-west winds slowly southwards, till Ceylon is embraced within its 
sphere. These conditions are most pronounced towards the end of May, and 
we get the dry, nearly cloudless, hot season of India and Ceylon with 
a light South-west wind. Then the sky begins to cloud over, and suddenly rain 
bursts in a series of terrific thunderstorms, and the bad, wet weather continues for 
two or three months. The rain begins in Ceylon, and then works slowly up 
the west coasts of India and Burma — omitting Madras — till Calcutta and Lower 
Bengal are reached, three or four weeks later than Colombo. Then we are met 
by the strange fact that this, the most striking weather-change in the whole 
year, is associated by no change in the shape of the isobars. When the 
Monsoon is fairly established, we can, no doubt, see certain slight fluctuations 
in the shape and intensity of the isobars which accompany what is called "a 
break in the rains," and sometimes exceptionally heavy rain falls during the 
passage of a small cyclone from the Bay of Bengal up country ; but we cannot 
find any change in the isobars to account for the sudden change of weather 
which is called in common parlance " the burst of the Monsoon." The only 
rational suggestion which has been made to account for this burst of rain 
would look to a sudden inrush of damp air from the region of the Doldrums as 
the source of the change in weather, but not of the direction of the wind, or of 
the shape of the isobars ; for the burst is apparently almost coincident with 
the disappearance of the belt of high pressure to the south of the Bay 
of Bengal 

W. M. Davis in his Elementary Meteorology states : — 

The Monsoons of India are the most famous winds of their class. Their 
name is derived from an Arabic word, meaning season. The belt of low pressuie 
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that lay to the south of the equator in our winter migrates gradually northward 
in spring, and is finally replaced hy the formation of an area of low pressure 
over the warm desert plains of India and Persia, even as early as May. A 
northward gradient then leads the South-east Trades of the South Indian Ocean 
across the equator, and on entering our hemisphere they swing around and 
blow from the South-west, thus presenting one of the most interesting 
phenomena in the circulation of the atmosphere. The Northern Indian Ocean 
and the adjacent seas are thus alternately swept over by winds of North-east 
and South-west directions, and on land these winds dominate the change of 
the seasons. 

The cause of this is stated briefly in the same work as follows : — 

In the summer season, Asia is the seat of unduly high temperatures, and 
by the aid of its numerous lofty mountains and plateaux a great depth of 
atmosphere is warmed abnorm^ly. The high pressure of winter is then 
reversed into a low pressure, and the winds blow inward from all sides, even 
from the South Indian and the Arctic Oceans. Over India the general 
direction of this Monsoon is from the South-west, but it is turned to the 
South-east in the plains of the Ganges. 

Finally Blanford in his Rainfall of India says : — 

Beyond the general fact that the summer Monsoon originates over the 
ocean which stretches away to the south and west of India, and that its vapour- 
burden is the tribute collected from the evaporating surface of these warm seas, 
very little is at present known respecting the cradle and earlier course of this 
wind current. It is generally considered that it is, in part, the continuation 
across the equator of the South-east Trades; but there are some reasons for 
believing that any connection of the southern Trades with the Indian Monsoon 
is at least fitful and partial, and there can be little or no question that the 
Northern Indian Ocean presents an expanse of evaporating surface, which, 
supplemented by that of the Bay of Bengal, and that of India itself, is sufficient 
to supply all the rain that falls annually on the plains and mountains of India. 
Instead, then, of the Monsoon being simply a prolongation of the Trades, the 
case would rather seem to be that most frequently it originates in this 
variable but on the whole westerly and rainy current over the equator in the 
South-west Monsoon, which is doubtless fed by the South-east Trades, and 
consists of nearly saturated air ; but it represents only a portion of the air 
poured by the Southern Trade winds into the equatorial region, the remainder 
ascending convectively, precisely as in the Atlantic Doldrums. Nor is the 
Monsoon drawn from this source alone. It is probably recruited, to a very 
considerable extent, from more northern latitudes, especially during fine 
intervals when the current is slacker, and the rainfall on the Indian mainland 
less copious; and it is to the varying degrees in which the two sources of 
supply are respectively drawn upon to furnish the indraught, that I would 
attribute the variations of the rainfall during the progress of the season. 

Ferrel, Davis, Scott, and Abercromby agree in considering the South- 
west Monsoon winds as the direct continuation of the South-east Trades 
impelled across the equator by special temperature and pressure conditions 
in India or Central Asia. Blanford, on the contrary, appears to hold that 
there is, throughout the whole period, a belt of calms and light winds 
over the equator, which serves as a species of reservoir or tank into which 
the South-east Trade winds are absorbed, whilst from it on the north 
issue the South-westerly to Westerly winds of the rainy Monsoon. 
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Blanford's opinion is, of course, entitled to special weight from his inti- 
mate acquaintance with the phenomena and meteorology of the Monsoons 
in India. No clear or definite explanation is given by any of these 
meteorologists of the sudden change known as " the burst of the Monsoon," 
or of the other more prominent features. Exception might also be taken 
to portions of the statements of these meteorologists, which are apparently 
based in part at least on the examination of mean pressure and wind 
charts. 

Winds in the Equatorial Belt, 1893. 

With the view of ascertaining whether the South-west Monsoon may 
be properly regarded as the continuation of the South Trade winds of the 
Indian Ocean, impelled northwards across the equator by special conditions 
and actions, and thence deflected eastwards mainly, if not entirely, by 
rotational action of the earth (that is, by the hypothetical or fictitious 
force introduced to enable the motion of the air over the moving surface 
of the earth to be calculated on the supposition that the earth is at rest), 
I have tabulated the whole of the wind data for the equatorial belt given 
in the 1893 India Monsoon Area Charts, 

In order to show the character and variations of the air movement in 
the equatorial belt as fully as the limited number of the observations will 
permit, the whole of the data for the year 1893 have been tabulated for 
six divisions of that area. The equatorial belt is taken to include the 
area between the 8th parallel of south latitude and the 4th parallel of 
north latitude, and is divided into three portions by the 4th parallel of 
south latitude and the equator. The meridian of 76° E. longitude divides 
each of these strips into an eastern and western half. These six divisions 
are for shortness designated as the south, middle and north sections of 
the western half, and of the eastern half of the belt. 

The following gives a brief analysis of the mean air movement in the 
equatorial belt from month to month in 1893. 

January 1893. 
TABLE III. — Winds in the Western Half op the Equatorial Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . N. 37° E. 82% 3-0 



Middle N. 14° E. 65 3-2 

South N. 17° W. 62 2-3 



Winds hence shifted through an angle of 54° in advancing from the 
north to the south sections. They were steadiest in the north section, 
and least steady in the south section, where they are also weakest. They 
averaged 2*8 in force over the whole of the western half of the belt. 

TABLE IV. — Winds in the Eastern Half op Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . N. 9° E. 50% 2-4 

Middle . N. 48" W. 36 2-4 

South N. 56' W. 27 3-0 

Winds averaged 2*6 in this area, and were less steady than in the 
western half. The shift of wind in advancing southwards was larger in 
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the eastern than in the western half, and occurred almost entirely be- 
tween lat. 4° N. and lat 4° S., or in the southward advance of the North- 
east Monsoon winds across the equator. 

The shift of wind was regular in the western half, and can be ex- 
plained satisfactorily as a terrestrial rotational effect In the eastern 
half the shift was iiregular, and it is probable that the westerly shift in 
this case was modified by meteorological conditions and actions due to 
the land area of the Malayan Archipelago. 

February 1893. 
TABLE V. — Winds in the Western Half op Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force 


North 


N. 40° E. 


76% 


3-6 


Middle . 


N. 16** E. 


74 


3*6 


South 


N. 28° W. 


48 


2*9 



Mean Direction. 


Steadiness. 


Mean Force, 


N. 18' W. 


62% 


2-5 


N. 56** W. 


82 


2-5 


N. 83' W. 


63 


4-1 



Winds in February, as in January, were deflected to west in passing 
southwards. The deflection was almost the same in amoimt in advancing 
from the north to the middle section as in the preceding month, and 
slightly greater in passing from the middle to the south section. Winds 
were very steady and of moderate strength in the north and middle sec- 
tions, but were much less steady and weaker in the south section. 

TABLE VI. — Winds in the Eastern Half op Belt. 

Section. 
North 
Middle . 
South 

The air movement in February over the eastern half differed more 
largely from that of the western half than in January. The chief feature 
was the large amount of westing in the winds shown in every section, but 
which increased in actual amoimt in proceeding southwards. The data 
when compared with the corresponding means for the western section 
appear to suggest an abnormal westing of the winds in each section of the 
area, averaging about 50°, and almost certainly due to the action of the 
land masses of the Malayan Archipelago, and a westerly deflection of about 
60° in passing southwards, mainly, if not entirely, due to terrestrial 
rotational effect. Winds were slightly weaker on the average of the whole 
area than in January, and were considerably stronger in the southern than 
in the northern and middle sections. 

March 1893. 
TABLE VII. — Winds in the Western Half op Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . . N. 51" E. 79% 2-9 

Middle . N. 28° E. 29 30 

South N. 80° E. 7 2*o 

Winds in the north and middle sections were from the same mean 
directions as in January and February, and of nearly the same strength. 



12 ELIOT—ORIGIN OF THE COLD WEATHER STORMS 

They were as steady as hitherto in the north section, but very unsteady 
in the middle section (29 per cent as compared with 74 in February). 

Winds were light on the average of the month in the south section 
and remarkably unsteady (only 7 per cent). The mean wind direction, 
which was N. 28° W. in February, changed to N. 80° E. in March. This 
change was clearly due to the northward advance of the belt of calms (or 
inter-Trade Avind zone) into the south section during the month. 

TABLE VIII. — Winds in the Eastkrn Half of Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


North 


S. 45° W. 


34% 


2-4 


Middle . 


S. 57° W. 


42 


2 '6 


South 


N.2rw. 


41 


2-2 



The winds were light and imsteady over the whole of the eastern 
half, and the mean winds were very abnormal in direction. 

The large southing of the winds in the north and middle sections is 
very difficult to explain, and it is probable that the winds were abnormal 
and due to special conditions. This is confirmed by a comparison with 
the wind data given in the March Chart of the Bay of Bengal Mean 
Pressure and Wind Charts published by the Indian Meteorological Depart- 
ment. The large amount of westing in the winds was, however, almost 
certainly an effect of the neighbourhood of the land masses of Sumatra, 
Java, etc. 

Ajml 1893. 

TABLE IX. — Winds in the Western Half op Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


North 


S. 68° W. 


27% 


2-5 


Middle . 


S. 28" E. 


51 


3-0 


South 


S. 70" E. 


89 


3-6 



Steady east-south-east Avinds of moderate intensity prevailed in the 
south section in April 1893. Winds were we^iker and much less steady 
in the middle section and considerably less easterly than in the south 
section. This westerly deflection was evidently not a direct eflect of the 
earth's rotation. It is probable that it represents an effect of the north- 
ward advance of the inter-Trade zone to the neighbourhood of the equator, 
and of the frequent occurrence of light unsteady or squally Avinds. 

The air movement was remarkable in the northern section. Winds 
were light and remarkably imsteady, and on the average of the whole 
month from West-south-west. The angle between the mean directions of 
the air movement in the middle and north sections was 96°, much larger 
than can be explained as a terrestrial rotational eff'ect. 

The consideration of the whole of the wind data suggests that the 
mean position of the inter-Trade zone in April 1893 was between lat. 2° 
N. and lat. 2° S. The prevalence of Westerly winds immediately to the 
north is apparently a normal feature, as it is shown clearly in the April 
plate of the Weather Charts of the Bay of Bengal^ published some years ago 
by the India Meteorological Department. The data indicate that the 
South-east Trades did not advance northwiirds across the whole equatorial 
belt during this month ; and the only explanation of the air movement in 
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the equatorial belt at this time appears to be that the South-east Trades 
current was absorbed into a belt of light airs and calms over the equator, 
and that from this as a source an irregular drift passed out northwards 
(with a very large easting), determined by the conditions in the Malayan 
Archipelago. As will be shown later this is confirmed by the distribution 
of rainfall and other meteorological conditions in Southern India. 

TABLE X. — Winds in the Eastern Half op Belt. 

Section. 

North 

Middle 

South 

South-east Trade winds extended over the southern section in April, 
but were very light and unsteady compared with the winds in the corre- 
sponding section of the western half. 

Winds were very light and irregular in the central and north sections. 
They were also very unsteady in the middle section. The strong 
northerly element in the winds in the northern section was apparently a 
peculiar feature of the year 1893. The large westing, on the other hand, 
was almost certainly a normal feature, and due to the action of the land 
masses of the Malay Archipelago. 

May 1893. 
TABLE XL — Winds in the Western Half of Belt. 



Mean Direction. 


Steadiness. 


Mean Force 


N. 56** W. 


61% 


17 


S. 79° W. 


27 


2-5 


S. 20" E. 


45 


17 



Section. 


Mean Direction. 


Steadiness. 


Mean Force, 


North 


S. 13** W. 


39% 


2*9 


Middle . 


S. 45" E. 


67 


2-8 


South 


S. 74° E. 


72 


3*5 



Winds were very steady in the south and middle sections, and of 
moderate intensity in the south section but light in the middle section. 
They were more southerly in the middle section than in the south section. 
Winds were unsteady in the north section, but slightly stronger than in 
the middle section. The mean wind direction shifted from S. 45° E. to 
S. 1 3° W. (or 58° of westerly deflection) in advancing from the middle to 
the north section, or double the deviation produced in the months of 
January and February, when the winds were of approximately the same 
strength. It is hence almost certain that the air movement in the north 
section was not the direct and complete continuation of the air movement 
in the south and middle sections during the greater part of the month. 
The Westerly winds in the north section probably represent an irregular 
outflow from an area of light winds and ascensional movement, determined 
by the pressure conditions in India and the Indian Seas to the north, and 
hence of the same character as in the preceding month. 

TABLE XII. — Winds in the Eastern Half op Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


North 


S. 43° W. 


8^% 


3-5 


Middle . 


S. 49° E- 


52 


2*4 


South 


S. 58° E. 


70 


3*5 



14 ELIOT— ORIGIN OF THE COLD WEATHER STORMS 

South-east Trade winds prevailed in May 1893 over the south and 
middle sections, and the mean direction of the air movement was almost 
identical in the two sections. Winds were weaker and less steady in the 
middle than in the south section. In the north section moderate South- 
west winds of great steadiness obtained. The shift (of a right angle) from 
the South-east winds of the middle section to the South-west winds of the 
north section is far too large to be explained as a terrestrial rotational 
effect The most probable explanation is that during the greater part of 
the month a narrow area of light and unsteady winds — the sink of the 
South-east Trades — lay over the equator, and that there was a drift out 
of it northwards into the Bay of Bengal, determined by the pressure con- 
ditions immediately to the north, and not by the general pressure con- 
ditions in Northern India, and more especially in Upper India. 

Jwm 1893. 
TABLE XIII. — Winds in the Western Half of Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force, 


North 


S. 5^ W. 


67% 


3*4 


Middle . 


S. 12° E. 


85 


3-6 


South 


S. 40"* E. 


97 


4*1 . 



South-east winds of great steadiness and average strength (4*1) 
prevailed in the south section. Winds were slightly less steady in the 
middle and north sections, but the data suggest clearly that these winds 
were due to the northward advance of an air current across the equatorial 
belt. The air movement or current was in fact steady, regular and con- 
tinuous in its features, showing, as might be expected, a slight decrease 
of intensity and steadiness with its northward advance and recurvature. 
The deflection in advancing from the south to the north* section (91°) is 
too large to be explained as an effect solely due to the earth's rotation. 

TABLE XIV. — Winds in the Eastern Half of Belt. 



Section. 


Mean Direction. 


Steadiness 


Mean Force, 


North 


S. 59" w. 


74% 


3-1 


Middle . 


S. 4' E. 


69 


2*9 


South 


S. 21* E. 


70 


3*2 



The air movement was slightly weaker in the eastern than in the 
western half, but was of uniform steadiness throughout. As in the 
western half, the current was very largely deflected to the west in its 
northward advance ; and the deflection can only to a partial extent be 
explained as a terrestrial rotational effect, and the remainder of the large 
deflection must be sought for in other actions. The greater part of the 
deflection was almost certainly produced by meteorological conditions in 
the Indian land and sea areas to the north. 

July 1893. 
TABLE XV. — Winds in the Western Half of Belt. 

Section. 
North 
Middle 
South 



Mean Direction. 


Steadiness. 


Mean Force, 


S. 22° W. 


59% 


4*4 


S. 17' w. 


47 


4-2 


S. 41" E. 


91 


5*3 
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Strong South-east winds of great steadiness prevailed throughout the 
month in the south section. The data indicate that the air current was 
as in June continuous across the equatorial belt, and that it was deflected 
from west to east, as a current through 63°, nearly the same in amount 
as the deflection in the opposite current (of the North-east Monsoon) in 
the months of January and February. The deflection, however, occurred 
chiefly in the middle and not in the north section. The current was 
weiikest and least steady in the section in which the deflection took place 
most rapidly. 

TABLE XVI. — Winds in the Eastern Half op Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . . S. 88** W. 8i% 4-1 

Middle . S. 81' W. 41 3-5 

South S. 39° E. 74 3*4 

The mean direction of the winds in the south section was almost 
identical with that in the corresponding section of the western half, but 
the air movement was somewhat less steady and considerably weaker 
(upwards of 33 per cent on the average of the month). Winds were 
stronger in the north and middle sections, and were very steady in the 
north section, where the mean wind direction was almost identical with 
that of the middle section. The most remarkable feature was the very 
large westerly deflection of the winds in passing northward from the 
south to the middle section. The mean wind direction in the south 
section was S. 39° E., and in the middle section S. 81° W., showing a 
westerly deflection of 120°. A reference to the Bay of Bengal Weather 
Charts suggests that this deflection was larger than usual, and that it 
was an exaggeration of a normal feature in the air movement of the 
equatorial belt in that month. As the conditions in the south section 
were apparently normal, the explanation of the very large deflection of 
the air current in its passage across the equatorial belt must be sought in 
the pressure conditions, and the general and special characteristics of the 
air movement in Burma, the Malay Peninsula, and the Indian land and 
sea areas during the month. 

August 1893. 

TABLE XVII. — Winds in the Western Half op Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . . S. 10" W. 50% 27 

Middle . S. 33' E. 50 38 

South . . S. 52° E. 97 5-0 

South-east winds of remarkable steadiness prevailed in the south 
section. They were almost identical in strength and direction with the 
winds of the previous month. The data indicate that the air current 
advanced northwards across the belt, and was deflected in passing through 
it by the same amount as in the preceding month (about 60°), but decreased 
considerably in force with its advance. The winds in the south and 
middle sections were more Easterly, and in the north section less Westerly, 
than in the preceding two months. The relation of this deflection to the 
rainfall in India is pointed out later on. 
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TABLE XVIIL — Winds in the Eastern Half of Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


North 


S. 46° W. 


79% 


37 


Middle . 


S. l' W. 


68 


3-4 


South 


S. 46° E. 


73 


4-1 



The air movement in the south section was practically the same in 
mean direction as in the corresponding section of the western half. It 
was not so steady or strong as in that section, but was stronger than in 
the preceding month. The westerly deflection of the winds in advancing 
northwards was greater than in the western half, amounting to 92°, but 
occurred equally in passing from the south to the middle as from the 
middle to the north section. The data establish that the winds in the 
three sections were of similar strength and steadiness, and were hence 
almost certainly due to a continuous horizontal air movement. The data 
hence indicate or establish the advance of a steady and moderately strong 
horizontal air current across the equator, which was deflected rapidly 
to the east in its northward march, and more rapidly than can be explained 
as a terrestrial rotational effect. 

Septembei' 1893. 
TABLE XIX. — Winds in the Western Half of Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . . S. 53° W. 19% 2-1 



lO 

o 



Middle . . S. 48' E. 62 2-8 

South . . S. 69' E. 77 3-6 



Winds were much more Easterly in the south section than during the 
previous three months. They were much less steady and were much 
weaker (nearly 20 per cent) than in August. The winds in the middle 
section were evidently the horizontal continuation of the air movement 
in the south section. Winds were light and remarkably unsteady in the 
north section, and the mean wind direction was 101° more Westerly than 
in the middle section. These facts suggest a strong tendency to the 
establishment of a sink immediately to the north of the equator, and that 
the air movement to the south was similar in character to that which 
prevailed in May 1893. 

TABLE XX. — Winds in the Eastern Half of Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

North . . S. 68" W. 85% 37 

Middle . N.8rw. 38 1-9 

South . . S. 51° E. 55 2*4 

In the south section of the eastern half Avinds were South-easterly, 
as in July and August. They were much weaker and less steady than 
in the corresponding section of the western half. Winds were very 
unsteady and very light in the middle section (averaging only 1*9 in 
force). The mean wind direction was West, with a slight northing. 
The facts suggest, as in the case of the western half, a marked tendency 
to the re-establishment of a belt of calms and light variable winds (in this 
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area immediately to the south of the equator) in this month. Winds 
were very steady, and were stronger than in the preceding months in the 
north section, and were also much stronger and steadier than in the 
corresponding section of the western half. The most noteworthy feature 
was their direction. Westerly winds predominated, and the mean direction 
was S. 68° W. 

October 1893. 
TABLE XXI. — ^WiNDS in the Western Half op Belt. 

Section. 
South 
Middle 
North 

The air movement in the equatorial belt changed in character in 
October. Steady and moderate East-south-east winds prevailed in the 
southern section, unsteady Southerly winds in the middle section, and 
equally unsteady West-north-west winds in the northern section. 

TABLE XXIL — ^Winds in the Eastern Half of Belt. 



ean Direction. 


Steadiness. 


Mean Force, 


S. 63" E. 


70% 


3-6 


S. 3' E. 


32 


3*1 


N. 72° W. 


32 


3-0 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


South 


N. 15' E. 


2°% 


27 


Middle . 


N. SS** W. 


54 


2-1 


North 


N. 79° W. 


83 


3*2 



Winds were even more irregular in this area than in the western half. 
In the south section feeble but very unsteady winds prevailed, the mean 
direction being N. 15° E. In the middle and north sections Westerly 
winds predominated, and were remarkably steady in the north section, 
where the mean direction and strength were almost identical with those 
in the north section (western half). 

The air movement in the equatorial belt in October 1893 was hence 
no longer a steady horizontal drift from south to north, subject to 
a westerly deflection south of the equator, and easterly deflection to the 
north. The South-east Trade winds prevailed on the average of the 
month to about lat. 2° or 3° S. in the western half, and to about lat. 5° 
or 6° S. in the eastern half. Winds were very unsteady immediately to 
the north of the limit of the South-east Trade winds, but farther north, 
Le, to the north of lat. 2° S., in the eastern half, steady Westerly winds, 
with a slight northing, prevailed throughout the month. These winds 
were of average force 3, or of velocity 18 miles an hour, according to the 
relation given in Scott's Meteorology, p. 159. 

Novemher 1893. 
TABLE XXIII. — ^WiNDS in the Western Half op Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

South . . S. 68'' E. 37% 3*4 

Middle . S. 83" W. 31 3-6 

North . . S. 86° W. 35 3-4 

C 



18 ELIOT—ORIGIN OF THE COLD WEATHER STORMS 

Unsteady East-south-east winds prevailed in the south section. In 
the middle and north sections unsteady Westerly winds with a very 
slight southing obtained. The winds were approximately of the same 
strength in each section, and the existence of a narrow belt of calms and 
light winds, which is suggested by the observations from several ships, is 
not disclosed by the mean data. 

TABLE XXIV. — Winds in the Eastern Half of Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


South 


S. 64'' W. 


21% 


2-9 


Middle . 


S. 7rW. 


73 


4-0 


North 


N. 63'' W. 


64 


2-8 



Winds were on the mean of the month Westerly, with a slight southing, 
in the south and middle sections, and with a slight northing in the northern 
section. They were very unsteady in the south section, but steady in the 
middle and north sections. The most noteworthy feature was the strength 
of the Westerly winds in the middle section, where they averaged force 4, 
equivalent to a velocity of about 23 miles an hour. 

The South-east Trades' influence hence extended as far north as lat. 
4° S. in the western half, but was not felt in the eastern half. The most 
noteworthy feature of the air movement was the predominance of westerly 
winds, the absence of any well-marked belt of calms, and the prevalence 
of strong winds in the middle section, where they averaged force 4*0. 

It is clear that in this month, as in October, the air movement cannot 
be explained as a mere horizontal transfer of air northwards across the 
equator, nor as a movement from the south into a sink, and a movement 
northwards and eastwards from that sink. It is hence probable that its 
direction was mainly determined by special conditions, meteorological 
and topographical, in the land areas to the east and north. 

December 1893. 
TABLE XXV. — Winds in the Western Half of Belt. 

Section. Mean Direction. Steadiness. Mean Force. 

South . . S. 30° E. 25% 2-4 

Middle . . S. 64° E. 14 27 

North . . N. 60° E. 53 2*4 

The air movement in this month was different in character from that 
of the two previous months, and indicates the establishment of true North- 
east Monsoon winds in the Arabian sea. Light unsteady South-east 
winds prevailed in the south section. Winds were East-south-easterly on 
the average, but extremely variable in the middle section. In the north 
section light but fairly steady North-east winds obtained. 

TABLE XXVI. — Winds in the Eastern Half op Belt. 



Section. 


Mean Direction. 


Steadiness. 


Mean Force. 


South 


S. 70° E. 


"% 


2-1 


Middle . 


S. 75° W. 


18 


1-9 


North 


N. 27' W. 


46 


25 
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Light unsteady East-south-east winds prevailed in the Bouth Bcction. 
The middle section was an area of light Westerly and variable airs. 
Winds were much more unsteady in the north section than in the 
previous month, and were chiefly from North, with a moderate westerly 
element The air movement in this area was evidently a transitional 
stage, accompanying the establishment of North-east Monsoon winds 
proper in the sea areas to the north of the equator. The only note- 
worthy feature was the persistence of Westerly winds in the north and 
middle sections until nearly the end of the month. 

TABLE XXVIL — Mean Direction, Steadiness and Fosce op Wind in 
EACH Section of the Equatorial Belt, and of the whole Belt. 
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Th^ Bunt of the Monsoon. 
The charts show very clearly the changes in the air movement over 
the Indian Seas and the equatorial belt during the whole year, hut more 
especially those which preceded and accompanied the establishment of the 
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South-west Monsoon in India in 1 893. As already pointed out, one of the 
most marked features is the large and rapid change of meteorological 
conditions in the Indian land and eest areas which accompanies the 
establishment of the South-west Monsoon proper, and is termed in India 
the "burst of the Monsoon," To the inhabitant of the interior of India, 
the "burst of the Monsoon" represents a definite large change of the 
weather conditions, to a certain extent catagtrophic in character, and is 
not a gradual development and intensification of conditions during a 
period of high and increasing temperature in the interior, either of India 
or Central Asia. 

The chief features of the weather in the interior of India previous to 
the change are intense heat, great dryness of the air, skies obscured with 
dust, land-winds blowing furiously during the heat of the day and sub- 
siding almost to a calm during the night Subsequent to the change the 
weather is steadily marked by moderately high temperature, great 
humidity, much cloud, moderate steady winds of oceanic origin, and 
frequent rain. The change from the former to the latter conditions, or 
the "burst of the Monsoon," commences first in Southern India and 
extends northwards, and from the coast districts into the interior with a 
rapidity varying greatly from year to year, and is sometimes eifected in 
the course of a few days over the whole of India. It commenced in the 
year 1893 in the Bombay coast districts in the second week of June, and 
was completed over Northern and Central India by the 19th and 20th of 
that month, and hence in an interval of two weeks. The mean data given 
■ in Table XXVIII. for four stations in the interior of India for the months 
of May, June and July 1893, will show the very large changes produced 
by the " burst of the Monsoon," which occurred in that year in the month 
of June, 

TABLE XXVIIL 
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The data in the preceding table show fully the very large permanent 
changes produced by the change known as the " burst of the Monsoon," 
which usually occurs at these stations on the average in the second or third 
week of June, in the temperature, humidity, and cloud conditions, and in 
the rainfall. Tables XXIX. and XXX. give data for the hottest period of 
the year 1893 (from May 15th to 21st) in Northern and Central India 
immediately preceding the "burst of the Monsoon" of 1893 in Southern 
India, and also for the same period of the month of June (15th to 21st) 
for comparison. 

TABLE XXIX.— May 15th to 21st. 





Mean Maxi- 


Mean 


Mean 


Mean Amount 




Station. 


mum Tem- 


Aqueous 


Humidity, 


of Cloud, 


Rainfall. 




perature. 


Vapour, 4 p.m. 


4 p.m. 


4 p.m. 






o 
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% 




in. 


Nagpur 


107.5 


•413 


20 


5-9 


0-05 


Allahabad . 
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14 





• • * 
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•375 


17 





• • • 
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27 
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TABLE XXX.— June 15th to 21st. 





Mean Maxi- 


Mean 


Mean 


Mean 




Station. 


mum Tem- 
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Humidity, 
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Rainfall. 




perature. 


Vapour,4p.m. 


4 p.m. 
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% 




in. 
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74 


9 
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74 


8 


3*44 
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.887 


67 


7 
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45 


3 
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? 


? 


? 


• • • 



The data of Tables XXIX. and XXX. illustrate fully the great difference 
between the meteorological conditions of the two periods, separated by an 
interval of three weeks(i.^. from May 24:th to June 15th, 1893), during which 
the change known as the " burst of the Monsoon " occurred in that year. 

Pressure Conditions, 

The preceding data show that the hot weather conditions of excessive 
temperature, dryness of the air, and absence of cloud and rainfall were 
almost identical in their intensity at these five stations, representing the 
greater part of the interior of Northern and Central India. The highest 
temperatures are usually registered in India during the last fortnight of 
May, and in most years between the 20th and 25th. The hottest day of 
the year 1893 in North- Western India was May 24th (or the 24 hour period 
preceding 8 a.m. of the 25th). An examination of the charts for 1893 
shows that during nearly the whole of the hot period, or from the month 
of March to the third week of May, 1893, little or no change occurred 
in the pressure conditions over the south of the Arabian Sea and the 
equatorial belt. During the whole of that period the pressure at 
Zanzibar, and near the equator in the western half, was steadily about 
29*95 in. Pressure, on the other hand, decreased in the interior of 
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India by a series of oscillatory changes. Occasionally during this period 
very steep gradients prevailed in the Peninsula and near the coasts of 
the Bay and the Arabian Sea. These gradients, however, only affected 
the winds in India and the sea area in the immediate neighbourhood of 
the coast districts, whilst in the open sea, more especially in the centre 
and south of the Arabian Sea, light unsteady winds and feeble pressure 
gradients held steadily throughout. 

A rapid change, however, occurred in the equatorial belt in the third 
and fourth weeks of May 1893. Pressure increased considerably, more 
especially when it is considered that the annual pressure changes at and 
near the equator are very small in amount. Table XXXI. gives mean 
data for Zanzibar from actual observations, and also for the Seychelles, 
as determined from the isobars on the charts. It should be noted that in 
the eastern half the isobars in the charts were drawn in accordance with 
the reduced observations taken at Singapore and Penang, but there are 
very strong reasons for believing that there was a very considerable 
difference between the barometers at these stations and the Calcutta 
standard barometer — the exact amount of which I hope to ascertain 
shortly. 

TABLE XXXI. — Mb AN 8 a.m. Pressure at Zanzibar and 

SSTCHELLEa 
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At the same time winds strengthened in the equatorial belt, and finally 
a strong current advanced from the belt northwards towards India, carry- 
ing rainy, squally weather, and also modifying the pressure distribution. 
This change, when completely effected in June 1893, was more or less 
permanent during the next three months, during the whole of which 
period moderately steep and fairly uniform gradients obtained from lat. 8° 
S. to the northern limits of the Arabian Sea and Bay of Bengal. The chief 
difference between the pressiu*e distribution in July 1893 (i.e. the rainy 
season), and the distribution in May 1893 (i.e. the hot weather season), 
was not in India or in the sea areas near the Indian coasts, but in the 
south of these sea areas and the equatorial belt. Two charts are given 
for comparison.^ Fig. 1 is for May 2, 1893. Temperature had been 
excessive for some days previously, the maximum at Jacobabad, for 
example, being 118° on the afternoon of the 1st A low pressure area 
(or hot weather distiu'bance following a large rise or excess of temperature 

* It should be noted that these charts differ slightly from the charts for those days 
published in the Indian Monsoon Area series, due to the correction of the Singapore and 
Penang barometric readings. 




Fia. 2.— Chart of iDilian Modsood Area, Juue 21, ISS3. 
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in Upper India) had formed in Sind, which advanced eastwards during 
the next 48 hours to the Punjab hills, and gave numerous duststorms 
and thunderstorms in North-Western India. Fig. 2 is for June 21, 1893, 
when the South-west Monsoon was fully established over the Indian land 
and sea areas, and was giving more or less general rain over India and 
Burma. In the first case the isobars run parallel to the coast, and are 
directly related to and evidently the product of, the thermal conditions in 
the interior of India, and are closely packed together in the coast districts 
and Upper India. In the second case they are placed at fairly regular 
intervals over the whole sea area and the Peninsula, and run from east to 
west, or nearly parallel to the lines of latitude, and are directly related to 
the prevalence of a strong, steady and massive air current from south to 
north over the whole area, with more or less easting or westing deter- 
mined by various conditions and actions. This distribution of pressure 
is clearly not the product of the antecedent or the actual thermal condi- 
tions of India. It is this change in the pressure distribution which 
marks the transition from the hot weather to the rainy season, and which 
inaugurates or accompanies the "burst of the Monsoon." 

Air Movement, 

The following states one or two of the more striking features of the 
Monsoon air movement, during the South-west Monsoon period — June 
to September 1893. The air movement across the equatorial belt was 
stronger in the western than in the eastern half. It is sufficient to give 
mean data for each half, and not for the smaller divisions of each : — 

TABLE XXXII. — Mean Force op the Winds in the 

Equatorial Belt. 





Western Half. 


Eastern Half. 


Ratio. 


1893. 


(A) 


(B) 


A:B 


June 


3-7 


3-1 


1-19 


July 


4-6 


3-7 


1-24 
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3-8 


3-7 


I 03 
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2.8 


27 


I 03 



The contrast was strongly marked in the months of June and July. 
The Monsoon currents in India were weak in August, and it is probable 
that in September there is usually a tendency for the current in the 
eastern half to gain in strength relatively to that in the western half. 

The following table gives corresponding data for the steadiness 
of the winds : — 

TABLE XXXIII. — Mean Steadiness of the Winds expressed 

AS A Percentage. 

1893. 

June 
July 
August 
September 



Western Half. 


Eastern Half. 


83% 


71% 


66 


65 


66 


73 


53 


59 
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It would hence appear that the air movement in the two halves of the 
equatorial belt was about equally steady during this period. 

The data establish that the current across the equator in 1893 
increased rapidly in strength and steadiness in June, and was strongest 
and steadiest in July. It thence decreased in both respects, at first 
slowly in August, and rather rapidly in September, and was weak and 
unsteady at the commencement of October. These changes were directly 
related to the changing gradients in the Indian Ocean, where they reach 
their maximum value or intensity in July. 

An examination of the data for the equatorial belt also shows that 
during the South-west Monsoon period of 1893 (June to September) the 
strength of the air current across it varied to some extent, and that its larger 
fluctuations were related directly to the general distribution and amoimt 
of the rainfall in India. The variations were exhibited most fully in the 
South-east Trade winds in the south belt. Table XXXIV. gives the mean 
force of the winds in the western half of the equatorial belt, and also in 
the southern division of that area, grouped according to the larger periods 
into which the South-west Monsoon of 1893 may be divided according 
to the rainfall in India, and hence also of the general or mean force of 
the currents in the Indian seas. 



TABLE XXXIV. 



1893. 


Mean Force 

of Winds in 

Western Half 

of the 
Equatorial Belt. 


Mean Force of 
Winds in the 

Southern 
Section of the 
Western Half. 


General character of the Rainfall 
during the Period in India. 


June i-ii 

12-30 
July 1-12 

n 13-20 
21-31 

August 1-12 
M 13-23 

» 24-31 
Sept 1-9 
13-21 
i> 22-30 


37 

37 
50 

4-5 

4.4 
4.4 

3-4 

37 
3-4 

2-8 

2-3 


3-8 

4.4 
5.8 

5-3 
47 

5-3 
4-5 

5.0 

4-3 
3-4 
3-2 


Period of establishment of Monsoon 

winds in the Indian seas and in 

India. 
Period of heavy general rainfall. 
Strongest and most general burst of 

rainfall during whole period. 
General moderately heavy rain. 
Moderate rainfall, chiefly in the 

Peninsula, North-East India, and 

Burma. Partial break in Upper 

India. 
Period of general and moderately 

heavy rain. 
Period of moderate and partial 

rainfall. Marked break in rains 

in Upper India. 
Period of moderately heavy and 

general rain. 
Period of moderate and general 

rainfall. 
Period of slight to moderate general 

rain. 
Period of light and partial rain, 

more especially in North-Western 

India. 



The number of observations from 
force of the winds in the equatorial 
obtained is not large, but they give 
sufficient to establish that the rainfall 



which these mean values of the 
belt in the preceding table are 
very consistent results, and are 
in India during the South-west 
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Monsoon of 1893 was heaviest and most general, when the air current 
across the equatorial belt was strongest, and vice versd. Any large varia- 
tion in one of these elements was in fact reproduced clearly in the other. 
Table XXXV. gives the actual mean force of the winds experienced by 
vessels in the western and eastern sections of the equatorial belt in the 
months of June to September 1893, during which the Monsoon currents 
prevailed generally in the Indian land area, and also the mean intensity 
of the winds in the Arabian Sea and Bay of Bengal, determined from the 
data given in the Daily Weather Reports and Charts of the Indian 
Monsoon area for 1893, and the average rainfall in India during the 
same months. 

TABLE XXXV.— Mean Force of Winds. 



1893. 


Equatorial Belt. 


Arabian Sea. 


Bay of Bengal. 


Mean Rainfall in 
India. 


Western Half. 


Eastern Half. 


June 
July . 
August . 
September . 


37 
4-6 

3-8 

2-8 


31 

37 

37 
27 


4.0 
4.2 

3-8 
3-2 

* 


37 

3-5 
40 

3-5 


in. 

11-89 

1278 

826 

9*62 


Mean . 


37 


3-3 


3-8 


37 





It should be remembered that all these means are approximate, and 
are calculated on the supposition of assigning equal values to all 
observations, and without regard to their distribution over the area in 
which they were taken. 

A comparison of the data of these tables indicates that the air move- 
ment in the western half of the equatorial belt averaged 3*7 in force, 
corresponding according to the tables for converting the Beaufort scale of 
wind-force into ordinary velocity units usually given in meteorological 
works,^ to a velocity of nearly 22 miles an hour, and the mean intensity 
of the air movement across the equatorial belt was almost identical with 
that in the Arabian Sea during the same period (3*8), and also in the Bay 
of Bengal (3*7). The equatorial belt was (as is shown by an examination 
of the whole of the data) in no part of it an area of light variable airs and 
calms, but one of moderately strong and steady winds. The strength of 
the current blowing across the equatorial belt during this period varied 
considerably, and was greatest when the Monsoon currents were strongest 
in the Bay of Bengal and the Arabian Sea, when also India received the 
greatest rainfall from these ciu^rents. The whole of the data establish 
that the current across the equatorial belt in the months of June to Sep- 
tember varied pari passu, with the strength of the Monsoon winds in the 
Indian seas and the rainfall in India. It may also be noted that when the 
current was strongest in the equatorial belt and the Indian seas, weather 
in the equatorial belt was generally fine, and skies were frequently clear 
for days, and squalls were of comparatively rare occurrence (more especially 
in the western half). This inverse relation between the rainfall in India 
and the equatorial belt is further illustrated by Table XXXVI. of rainfall 
at the Seychelles, lat. 4° 37' S. in 1894 — the only year for which data are 

* Vide Scott's Elementary Meteorology , 2nd Edition, p. 159. 
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available (the observatory at Port Victoria being established in February 
1894). 



TABLE 


XXXVI.— Rainfall at Sevchelles, 


1894. 


January . 


T July . 


2-33 


February 


? 


August . 


4-S9 


March . 


6-56 


September , 


2-40 


April 


. 4-96 


October 


3-97 


May . 


213 


November . 


13-97 


June . 


4-92 


December . 


9-88 



Another noteworthy feature was the steadiness of the winds in the 
equatorial belt during the period June to September. Table XXXVIl. gives 
data showing the force and steadiness of this current during the period 
June to September in the eastern and western portions of that area. 
Corresponding data are given for Bombay, Saugor Island, Port Blair, and 
Minicoy for the same months — with a view to a comparison of the force 
and steadiness of the current in the equatorial belt and the Indian seas, 
from a slightly different standpoint to that in the preceding comparison. 

The stations of Bombay, Saugor Island, and Minicoy are specially 
selected, as the exposure of their wind instnunents is unusually satisfactory, 
and they hence represent, so far as land stations can possibly do so, the 
strength of the air movement in the adjacent sea areas. Port Blair is 
situated on the east side of the South Andaman Island, and is to some 
extent protected from the South-west winds by hills of 1000 to 2000 
feet in elevation. 



TABLE XXXVIl. — Force akd Steadiness of the Wind. 



.8,3- 


Fo™. 


S«^«^. 






1 


H 


tt 


E 


¥ 


|i 


1 


11 


II 


1 


K : ; : : 

AugUBl .... 

September . 


3-J 
i-9 


3' 

37 
3-7 

2-7 


2'3 

2-3 

'i 


3'4 
2-3 


'-S 


.1'2 

3'8 
3t 


I 

66 
66 
53 


?. 

65 
73 
59 


% 
SO 
74 
85 

5= 


77 
76 
43 
38 


% 
59 
71 
84 
83 


7, 

92 

92 


Mean 


1-1 


33 


'■' 


=■5 


09 


30 


67 


67 ; 65 


59 


74 


92 



The mean percentage steadiness of the equatorial belt for the whole 
period is 67, slightly greater than for Bombay (65) and for Saugor 
Island (59), but less than at the insular stations of Port Blair and Minicoy. 
It is hence clear that the air movement across the equatorial belt is as 
steady on the average of the whole period as the Monsoon flow into India 
across the Bombay and Bengal coasts, and probably also as in the Arabian 
Sea and the Bay of Bengal. 
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Connection of South-west Monsoon Air Movement with the 

South-east Trade Winds, 

The preceding discussion has shown that, in 1893 at least) there was 
a strong flow or air movement across the equatorial belt during the 
Monsoon period, June to September, and that this flow was in all its more 
important features, more especially in its strength, steadiness, and the 
variations in these elements, similar and directly related to the correspond- 
ing features of the Monsoon currents in the Indian seas and India. 

The evidence of the year 1893 is thus strongly in favour of the sup- 
position, or theory, that the South-west Monsoon currents in the Indi^ 
seas are the direct continuation, north of the equator, of the horizontal 
movement of the South-east Trade winds; and also establish that the 
larger variations in the strength of the South-east Trades near the equator, 
during the Monsoon period, are reproduced in the Monsoon currents in 
the Indian seas from June to September. 

An important feature (and one which, so far as I am aware, has not yet 
been discussed) is the way in which the change in the South-east Trades 
circulation from that obtaining in March to that of June, by which the 
area of ascensional movement is transferred from the equatorial belt to 
the areas of Monsoon rainfall in Abyssinia, India, and Burma is effected. 
So large a change in a vast atmospheric current like that of the South- 
east Trades over the Indian Ocean, can evidently be produced only by 
the prolonged actions of large forces. The nature of the change in 
1893 has been fully shown in the discussion on the winds in the equa- 
torial belt. There were two stages in the change. The first stage 
was what might be termed preparatory. During this period, the as- 
censional movement over the equatorial belt continued in diminishing 
volume and strength, whilst an irregular and increasing outflow took place 
to the north (determined by pressure conditions in the Indian land and 
sea areas). This increasing northerly outflow, it may be noted, accounts 
for the decreasing intensity of the ascensional movement over the equatorial 
belt during this stage. Finally, during the second stage, in consequence of 
the increasing pressure gradients to the south in the Indian Ocean, and also 
to the north in the Indian sea and land areas, the ascensional movement 
broke down with more or less rapidity, and the mass of the South-east 
Trades was then transferred by a continuous slow movement northwards. 
It was this second stage which gave rise to the series of phenomena known 
as "the burst of the Monsoon." This change usually occurs in the 
equatorial belt during the last fortnight of May, and is one of the most 
striking features of the meteorology of the Indian Monsoon area. 

The change in the last fortnight of May, viz. the breaking doMm of 
the ascensional movement over the equatorial belt, and the extension of 
the movement northwards (including the transfer of the area of ascensional 
movement from the equatorial belt to the interior of India), so far as can 
be judged, explains satisfactorily the large phenomena connected with the 
establishment of the Monsoon in India and the Indian seas. The pressure 
changes in the equatorial belt and the Indian seas are strongly in favour 
of this explanation. 

Pressure increases in the centre and south of the Indian Ocean, and 
the gradients thus favouring the South-east Trades increase from February 
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onwards, and reach their maximum in July (thus coinciding with the 
period of strongest winds in the eqiiatorial belt and the Indian seas). The 
most remarkable change in the pressure conditions of the Indian Ocean 
and its northern arms is a rapid increase of pressure of about a tenth of 
an inch in the equatorial belt in the last half of the month of May. It 
is shown as clearly in the 1894 as in the 1893 series of charts. This 
increase of pressure is easily explained on the supposition that it is only 
not merely coincident in time, but that it is a result of the more or less 
complete break down of the ascensional large movement over that area. 

Hence during this interval there are large actions in operation tending 
to modify the air movement over the equatorial belt. The first is increas- 
ing flow from the south, due to increasing strength of the South-east Trades 
accompanying the general increase of the gradients due to the changing 
temperature conditions in the Indian Ocean, or southern hemisphere 
generally. The second is the increasing outflow to the north, determined 
by the increasing gradients in the Indian seas and India determined by 
the temperature conditions of the northern hemisphere (or the old world 
continental mass), and inverse in character to those of the southern 
hemisphere. The combination of these tends first to diminish the uptake, 
and to increase to some extent the mass of air, and hence its pressure over 
the equatorial belt. The conditions become more and more unstable, 
and at length reach a critical point, when the two movements join up 
and determine a large and rapid rush northwards, due to the complex 
combination of conditions and actions. 

Transition from the South-west Monsoon to the North-east Monsoon, 

The phenomena of the transition from the South-west Monsoon to 
the North-east Monsoon in the Indian seas and the equatorial belt are in 
some respects similar, and in others inverse, to those which mark the 
opposite transition, viz. from the North-east to the South-west Monsoon. 
In the first period, April to May, the extension of the South-east Trades 
into the Indian area is due to increasing strength, and is therefore finally 
impulsive and catastrophic in character ; whereas the withdrawal of the 
current from the Indian area is due to decreasing strength, and hence occurs 
comparatively quietly. 

The air movement in the equatorial belt and to the north during this 
second transition period (October to December) is characterised by the 
same general features as that of the first transition period. It is un- 
necessary to discuss them in detail, but the following gives a brief state- 
ment of the more important : — 

(1) The South-east Trades fall off* in strength, and the northern limit 
withdraws slowly southwards. 

(2) The area immediately to the north of the northern limit of the 
South-east Trades becomes an area of light and variable winds, these 
features becoming more marked with the advance of the period. 

(3) This change takes place more rapidly in the western half of the 
equatorial belt than in the eastern half. This is most probably due to 
the fact that the Arabian Sea is not shut off* from the Persian area by 
large mountain masses in the way that the Bay is from Thibet or Central 
Asia. The air-drift from the north is due to decreasing temperature in 
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Central and Western Asia, and so extends more rapidly in the Arabian 
Sea than in the Bay. ^ 

(4) Immediately to the north of this area of unsteady winds Westerly 
winds obtain, thus indicating that a drift or northward outflow from that 
area continues during this period. This drift, however, diminishes in 
intensity from October to December, and is far more marked, and prevails 
much longer in the eastern than in the western half. 

(5) Finally, in December North-east winds are established in the 
Indian seas, and extend southwards to the area of light variable winds 
over the equatorial belt; and the normal circulation of the Trades is 
finally re-established. 

The change from the circulation of the Monsoon period to that of 
the transition period usually commences in September. It was in 
September 1893 (and probably always) marked by pressure changes in 
the equatorial belt, inverse in character to those which preceded the " burst 
of the Monsoon" in May 1893. Table XXXVIII. gives the barometric 
pressure at 8 a.m. for Zanzibar and the Seychelles for every seventh 
day from September 1st to the end of October, and also the mean for 
November. 



Barometric Pressure at Zanzibar and 

Seychelles. 



>> 

>> 
October 



Zanzibar (actual). 


Seychelles (calculated) 


in. 


in. 


30-098 


30.06 


30.115 


3007 


30.073 


30.06 


30*020 


30-02 


29.989 


29.96 


30.017 


29.98 


29.997 


29.97 


29.996 


29.97 


29.995 


29.97 


29.985 


29.96 



TABLE XXXVIII.- 

1893. 

September i 
8 

15 
22 

29 

6 

20 
„ 27 
November, Mean 

The data in Table XXXVIII. show that the high pressure which was 
established in the last fortnight of May held until the middle of September. 
Pressure then decreased a tenth of an inch during the next fortnight^ and 
was remarkably steady throughout October and November, averaging 30*00 
in. at Zanzibar and 29*97 in. at the Seychelles. This change of pressure 
initiated or preceded the first change in the air movement over the 
equatorial belt described above, and was preliminary to the re-establish- 
ment of the uptake over the equatorial belt. 

Air Movements in the Equatorial Belt. 

In the following is given a brief summary of the chief facts of the 
air movement in the equatorial belt, and the inferences respecting the 
nature of that motion, derived from an examination of the 1893 Indian 
Monsoon area charts. 

Throughout the whole year, i.e, during the North-east, as well as the 
South-west Monsoon, the air movement is stronger and steadier in the 
western than in the eastern half. This contrast between the air move- 
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ment in the eastern and western portions of the equatorial belt 
is in accordance with the known conditions of that movement. The 
South-east Trades current from its direction should advance in greater 
volume, and be less modified by the actions of the neighbouring land 
masses in the north-west than in the north-east of the Indian Ocean. 
This should hold not only during the North-east Monsoon, but even more 
strongly in the South-west Monsoon, when the South-east Trades are 
continued as a horizontal current in the equatorial belt. 

In the months of January and February the North-east Monsoon 
winds in the western half of the equatorial belt are continued south 
across the equator to about lat. 8° S. (on the mean of the period). The 
winds are little influenced by the conditions of the neighbouring land 
area. The mean force of the winds before they are absorbed into the 
ascending current of the belt of calms is 3*1. They are deflected west- 
wards, in accordance with theory, from a mean direction in the north 
section (mean lat. 2° N.) of N. 25° E. to a mean direction of N. 25° 
W. in the south section (mean lat. 6° S). The amount of this deviation 
accords fairly with the results of calculation based on the supposition that 
it is a result of the earth's deflectional action due to its rotation, and 
might therefore be taken as a measure of the amount of deflection due to 
that action on an air current (force 3) advancing northwards or south- 
wards over a sea area between these limits of latitude. 

The winds in the eastern half exhibit a much larger westerly deflection 
than this amount. This additional deflection is almost certainly a result 
of the heated land masses of the islands in the Malay Archipelago in 
modifying the air movement. 

The belt of calms, which in the months of January and February lies 
to the south of the southern section of the equatorial belt^ is in that 
section in March, and 'the air movement is very light and unsteady. 

In March, as in the preceding two months, Westerly winds predominate 
in the eastern half, and are clearly due to the presence of the large insular 
areas of the Malay Archipelago. 

The air movement in the equatorial belt in the months of April and 
May is much more complex than in the preceding three months. South- 
east winds extend northwards across the south section in April, and the 
middle section in May. Immediately to the north of the South-east Trades 
in both months winds are light and variable, but to a less extent than in 
March. North-easterly winds, however, no longer obtain to the north of 
this belt of light and variable winds. The air movement is comparatively 
steady in that area, more especially in the eastern half, and increases in 
steadiness from April to May, and is from west, with more or less southing. 
These South-west winds therefore appear to be a gentle outflow from the 
equatorial belt of light variable winds (which represent the termination of 
the South-east Trades as a horizontal air current and its continuation in 
the vertical direction) to the north, determined by the feeble but increas- 
ing pressure gradients in the Indian seas produced by the temperature 
conditions in India. The increasing outflow is not strong enough for 
some time to break up the ascensional movement in front of the South- 
east Trades, which has been an integral feature of that circulation during 
the previous four months. Hence it appears that during these two 
months the South-east Trades circulation extends northwards to the 
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equator, but is otherwise unchanged in character. It is mainly continued 
upwards by ascensional movement over a narrow belt of light variable 
winds near the equator. From this belt (serving as a reservoir) there is, 
however, an outflow towards the north, increasing slowly in intensity and 
steadiness. The direction of this outflow is determined mainly by the 
temperature and pressure conditions in the Deccan and Malay Peninsula 
and Archipelago. This north-easterly feeble advance of humid winds 
over a considerable expanse of ocean surface gives frequent thunder- 
showers in Eastern India and Tenasserim. Mr. Blanford's theory of the 
belt of calms serving as a huge reservoir almost certainly holds true for 
the hot weather (or transitional) months of April and May. The character 
of the air movement in the equatorial belt changes very rapidly in a 
brief period, which varies slightly in time from year to year. It, however, 
generally occurs in the last week or fortnight of May. It is this large 
and rapid change which initiates the " burst of the Monsoon " in India. 
The character and phenomena of the changes have been fully described 
above, and need not be repeated here. But the chief result of these 
changes is to give a steady and continuous horizontal air current from 
south to north across the equatorial belt, and its northward extension 
over the whole Indian area. 

The current across the equatorial belt holds more or less steadily 
from June to September. It is (probably), as a rule, strongest in July, 
when India generally receives the heaviest rainfall of the season. It 
supplies aqueous vapour to three large areas of precipitation, viz. (I) the 
basins of the White and Blue Nile in Afiica, (2) India, and (3) Burma 
and Further India. It is probable that prolonged successive rainfall in 
one of these areas during a part of the Monsoon period will diminish the 
rainfall in the other areas ; and so the variations of the rainfall over the 
whole field of precipitation of this humid current during the Monsoon 
season will be compensatory to a considerable extent. It is also probable 
that any large variations in the distribution of the rainfall from the 
normal during any part of the rainfall season, will be due to, or ac- 
company, variations in the strength and direction of the Monsoon 
currents, and hence also of the current across the equatorial belt The 
relations described below between the deficient rainfall in India during 
the month of August 1893, and the abnormal easting of the winds in 
the western half of the equatorial belt, is probably an example of these 
relations. 

The current across the equatorial belt continues unchanged in 
character until about the middle or end of September. A rapid decrease 
of pressure of about a tenth of an inch reduces it to an average of about 
29*95 in., or to the same amount as before the "burst of the Monsoon." 
Winds become light, unsteady, and variable in direction in that area, 
whilst Westerly winds continue to the north, and feed into the area of 
precipitation in the Bay and the Peninsula. In fact the character of 
the air movement is generally similar to that of April and the first half 
of May ; and Mr. Blanford's explanation of the equatorial belt of light 
winds serving as a reservoir for inflow from the south and outflow to the 
north, is almost certainly applicable to this period as to the pre-Monsoon 
period. North-east winds are gradually established in the Indian seas, 
and finally extend down to the equator in the month of December, when 
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the air circulation is that of the South-east and North-east Trades, with 
an inter-Trade region of light winds. 

An important conclusion from the examination of the 1893 data is 
that the " burst of the Monsoon " is produced by the advance of a humid 
current from the equatorial belt (the continuation of the South-east 
Trades), and that the Monsoon rains are due to the invasion of India by 
this current, and not to the gradual development of a hot weather air 
circulation set up in April and May in Northern and Central India by 
the excessive temperature conditions of the period. The South-west 
Monsoon forecasts are in part based on this important principle, of which 
the following is a statement and explanation as given in the forecast for 
the year 1891 :— 

The motion of the South-west Monsoon current is hence a horizontal move- 
ment from the Indian Ocean across the Arabian Sea and Bay of Bengal into 
India and Burma. This vast mass of humid air is impelled northwards by 
forces due to differences of pressure over the whole tropical region of Southern 
Asia and the Indian Ocean. It is evident that if there are differences from 
year to year in the strength of the South-east Trades, or in the pressure gradients 
over the sea area to the south of India and Burma due to causes in operation 
there, they will affect the general strength of the Monsoon. 

Whether there are such differences from year to year has not been proved 
in the absence of accurate observations over the sea area, but there are various 
reasons for believing that they do occur. If this be the case, they form one of 
the factors which determine the general strength of the Monsoon currents. 

Again, the conditions in India and Burma before and at the time of the 
advance of the Monsoon differ very largely from one year to another. It is 
evident that these prevailing conditions will modify and determine, to some 
extent at least, the extension of the Monsoon currents over India at the time of 
their advance. These conditions must give a certain set to the air currents. 
Also in virtue of well known laws of air motion or of fluid motion, the currents 
by their subsequent action and motion will tend during their existence to 
maintain the peculiarities set up by the conditions in existence at their 
commencement The forecast in the final paragraphs is hence partly based on 
the important principle indicated above, viz. that the meteorological conditions 
prevailing in India before and at the commencement of the Monsoon mainly 
determine the character and extension of the current, and thus impress upon it 
features which are more or less permanent throughout its whole period of 
prevalence, and are largely influential in determining the accompanying 
rainfall, and may therefore be used as indications of the probable distribution 
of that rainfEdl. 

The examination of the 1893 data confirms the chief principle, or 
supposition on which these forecasts are based. 

Rainfall in India during the Sovih-west Monsoon, 

One of the objects in view in collecting and tabulating meteorological 
data of the Indian seas is to ascertain the causes of the larger variations 
of the rainfall in India during the South-west Monsoon period, more 
especially in those cases where the meteorology of the land area does not 
disclose an adequate cause for the weakness of the Monsoon currents, and 
the prolonged breaks in the rain which occasionally occur during the 
South-west Monsoon period. 

D 
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The discussion of so important a question can only be properly 
attempted when observations for several years have been collected. The 
data for 1893, however, throw some light on the probable causes of the 
only important break in the rains in 1893. The Monsoon currents were 
steady in June, July and September 1893, and the rainfall in India, on 
the whole, normal and well distributed. The rainfall of the month of 
August 1893 was, on the other hand, very deficient, and the Monsoon 
currents in India very light. The deficiency in the rainfall (relatively 
to the normal) was greatest in Upper India, and decreased in percentage 
amount eastwards and southwards, as is shown in Table XXXIX. 



TABLE XXXIX. — Variation of Rainfall from Normal, 

August 1893. 



Mean, 
in. 



Percentage. 



- 1*32 


-55 


-5*21 


-47 


-3-43 


-36 


-.3-60 


-31 


-1-55 


- II 


-5-37 


-28 


- 1-44 


-25 


+ 2 -08 


+ 24 


+ 0-25 


+ I 


+ 3*49 


+ 22 



Meteorological Province. 

Indus Valley and North-west Rajputana 

Upper sub- Himalayas 

East Rajputana, Central India, and Gujarat 

Gangetic Plain and Chota Nagpur 

Bengal and Orissa . 

West Coast 

South India 

Deccan .... 

Burma Coast and Bay Islands 

Assam .... 

The large and general deficiency of the rainfall in August was due to 
two breaks in the rains over North- Western and Central India, lasting 
from the 1st to the 6th, and from the 13th to the 23rd, during which 
practically no rain fell in North- Western India. This deficiency was not 
compensated by a corresponding excess in any other part of the Indian 
area, and the meteorology of India for the month throws little or no light 
upon the causes of this large general deficiency of rainfall. 

Table XL. gives the mean wind direction in the three sections of the 
western half of the equatorial belt for the months of June, July, and 
August. 

TABLE XL. — Wind Direction, June to August 1893. 



Section. 


June. 


July. 


August. 


South . 


S. 40** E. 


S. 41' E. 


S. 52*' E. 


Middle 


S. 12'' E. 


S. 17° w. 


S. 33'' E. 


West . 


S. 52'' W. 


S. 22° W. 


S. 10° W 



Rise of tlie Nile and llainfall in Iiulici, 

The wind data for August show that the air current across the equa- 
torial belt differed considerably in mean direction in that month from 
that in June and July. Winds were in August much more Easterly or 
less Westerly, thus indicating that the current was determined in larger 
amount to the Upper Nile and Abyssinia of precipitation areas, and less 
directly towards the Indian area than in the previous two months. This 
suggests that the weakness of the current in India was probably due to 
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an increased flow towards equatorial Africa and Abyssinia. There are 
no available rainfall data for that area, and so it is not possible to ascertain 
whether the deficiency in India accompanied excess in the basin of the 
Upper Nile, but it appears to be probable, and the relation between the 
distribution of the rainfall in different parts of the areas depending upon 
the South-west Monsoon current deserves full investigation. 

The humid current crossing the equator as the continuation of the 
South-east Trades undoubtedly gives general heavy and frequent rain to 
three large land areas, viz. — 

(1) Abyssinia and the Upper Nile Basin and the equatorial lakes 
district, in which the Nile takes its rise. 

(2) India. 

(3) Burma and perhaps Indo-China and the Malay Peninsula. 

In a paper on " The Nile " by Mr. Willcock, Director-General of the 
Keservoirs of Egypt, given in the Report of the Chicago International 
Meteorological Congress, it is stated that the rainfall in the equatorial 
lake district and Abyssinia averages about two metres, or eighty inches, 
annually. The rainfall in the equatorial lake districts occurs between 
March and December, and in Abyssinia between June and September, 
and is usually heaviest in August (the month when breaks in the rains 
are most frequent in India). Mr. Willcock says that famine years in 
India are generally years of low flood in Egypt, and hence of probably 
deficient rainfall in Abyssinia. This remark suggests that the large 
variations in the Monsoon rainfall are probably common to the whole 
area of precipitation ; and further, that the rainfall over the whole area, 
fed by the humid current crossing the equator, depends for its general 
character upon the strength of that stream. 

TABLE XLL— Variation of High Flood Level of the Nile and 

Rainfall in India. 



Years. 


Variation of high 

flood level of year 

from mean high 

flood level at 

Assouan. 


Variation of high 

flood level of year 

from mean high 

. flood level at 

Cairo. 


General character of South-west 
Monsoon Rainfall in India. 


Approximate varia- 
tion of South-west 
MonsoonRainfall in 
India from normal. 




in. 


in. 




in. 


1875 


+ 18.I 


+ 29-1 


Large defect . 


-3-37 


1876 


+ 307 


+ 39-0 


Very large defect 






-9.27 


1877 


-591 


-689 


Excess . 






+ 2-94 


1878 


+ 49*2 


+ 73-3 


Excess 






+ 2-66 


1879 


+ 272 


+ 35-4 


Moderate defect 






-2-6o 


1880 


- 3-2 


-24.4 


Moderate excess 






+ 2-44 


1881 


+ 9-5 


+ 26.8 


Moderate excess 






-f-2-o6 


1882 


+ 3-9 


-26.8 


Moderate defect 






-1.68 


1883 


+ II-0 


+ 26.8 


Moderate excess 






+ 2-48 


1884 


- 6.7 


- 7-1 


Slight excess . 






+ 0.85 


1885 


+ 5-9 


- 1-2 


Moderate excess 






+ 1-40 


1886 


+ 5-5 


- II-O 


Moderate 






+0.13 


1887 


+ 35-8 


+ 50-4 


Slight . 






-H0.64 


1888 


-32-3 


-53-6 


I-arge excess . 






+ 3-35 


1889 


+ 18.1 


+ 1-6 


Moderate excess 






+ 1-34 


1890 


+ 323 


+ 16.5 


Large defect . 






- 4-88 * 


1891 


- 2.4 


+ 0-8 


Moderate excess 






+ 1-62 


1892 


+ 38-6 


+45-2 


Slight excess 




+ 0-96 



* There was extraordinarily heavy rain in Abyssinia in September in this year. 
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In order to test this so far as is at present possible, Table XLL 
has been drawn up. Columns 2 and 3 give the variations of the maxi- 
mum flood level of the Nile, as shown by the gauges at Assouan and 
Cairo, from the mean high flpod levels at these stations (determined 
from the data of a large number of , years), for each year of the period 
1875-92. Column 4 gives the general character of the South-west 
Monsoon rainfall in India for the same period, and column 5 gives estimates 
of the actual variations in India (but determined from increasing data from 
1875-92, and therefore not strictly comparable from year to year). 

The height of the maximum flood level in the Nile probably furnishes 
an approximate estimate of the character of the rainfall in the basins of 
the Blue and White Nile, which gives rise to the Nile floods. According 
to the previous statement the flood level was higher than usual in nine 
years of increased rainfall in India, or vice versd, the two thus varying 
directly. In nine years the relation between the two was inverse. Hence 
the data throw little light on the relation. Probably fuller information 
as to the distribution of the rainfall during the season would enable the 
question of how far variations of the rainfall in this area affected the 
seasonal rainfall in India. 

The main object of the paper is to show that the Indian Monsoon 
charts can give much valuable information respecting the nature of the 
air movement over the Indian seas, and throw light on the causes of the 
variation of the Monsoon rainfall in India — a subject of the greatest 
importance from an economic standpoint. 



DISCUSSION. 

Mr. B. Latham said that the paper was one which it was difficult to discuss, 
and would doubtless repay very careful study. Those conversant with the 
climate of India knew how sudden a transition took place from a condition of 
extreme atmospheric dryness to one of high humidity, followed by heavy rain- 
fall, and it was desirable that the cause of this remarkably abrupt change 
should be understood. No doubt the flow of moist air came from the equatorial 
belt, but it was not at all certain that the author of the paper gave the correct 
explanation of the cause of the breaking of the Monsoon. 

Mr. R H. Scott remarked that great credit was due to Mr. Eliot for the 
results now submitted from his careful study of the maps. It was to be 
regretted that the sea observations were comparatively very scanty, but that 
was unavoidable under the circumstances. 

Mr. W. C. Lewis considered that Mr. Eliot's paper was a distinct advance 
upon the knowledge already possessed concerning Indian meteorology. The 
charts were most interesting : but he noticed that Mr. Eliot had omitted to call 
attention to the fact that almost every year the " burst of the Monsoon " was 
accompanied by two cyclonic storms, one forming over the Bay of Bengal, and 
the other in the region of Bombay. It appeared that the condensation in the 
Bay of Bengal started these cyclones, and disturbed the conditions of pressure 
all round the coast of India. The charts for April and June in Mr. Eliot's 
paper were especially interesting, that for April showing almost uniform pressure 
from the equator to Bengal, being a great contrast to the June one, which 
showed the conditions succeeding the " burst of the Monsoon." Mr. Eliot's paper 
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went a long way towards proving the case for the " burst of the Monsoon " being 
a dynamic phenomenon. 

Captain D. Wilson-Barker said that Mr. Scott had certainly drawn atten- 
tion to a weakness in the paper, when he alluded to the lack of observations 
over the sea. It was also to be regretted that the influence of the Himalaya 
Mountains appeared to have been ignored by Mr. Eliot Regarding the " burst 
of the Monsoon," this was not a phenomenon peculiar to India alone, for a 
similar transition on a smaller scale from a dry to a moist season was known, 
but under other names in almost every tropical country, as, for instance, the 
Soudan and Australia. The paper was undoubtedly one of considerable im- 
portance, and was very welcome, as no one could better deal with the subject 
than an observer on the spot 

Mr. C. Harding said that he had tried to discover how far the results of 
Mr. Eliof s investigations confirmed or refuted the opinions put forward by the 
late Mr. Blanford with respect to the source or origin of the South-west Monsoon, 
and he had concluded that they did both. Mr. Eliot had considerable advantages 
over his predecessor in being able to avail himself of the use of synchronous 
charts, and he (Mr. Harding) was decidedly of opinion that synchronous observa- 
tions aflforded many opportunities for deduction not similarly obtainable from 
mean results, especially in the carrying out of a discussion such as was contained 
in this paper. Mr. Blanford had in some of his writiugs stated that he believed 
that a study of the cold weather storms of India would help to throw light upon 
the movement of cyclones in the region of the British Isles. A knowledge of 
the causes which operated to produce such storms in India was of the utmost 
value to the inhabitants of that country, for upon the rainfall accompanying 
these storms depended the success or failure of the crops which provided their 
means of sustenance. The paper by Mr. Eliot was of considerable importance 
to those engaged either on sea or on land. 

Mr. H. N. Dickson said that Indian meteorologists, although possessing 
perhaps the best meteorological organisation in the world, laboured under the 
serious difficulty of having as their near neighbour a country which possessed 
no organisation whatever, viz. Thibet. It seemed unlikely that a complete 
explanation of the phenomena discussed in Mr. Eliot's paper would be obtained 
until simultaneous observations were made on both sides of the Himalayas. 
Possibly the bursting of the Monsoon might be due to the junction of the 
ascending currents over Central Asia and Hindostan at a great elevation, in a 
manner similar to that in which two cyclones coalesce at lower levels. 
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The Diuhnal Variation of Wind-Velocity at Tokio, Japan. 

Bt CHARLES DAVISON, M.A, F.G.S. 

(Communioaled by G. J. Symona, F.R.8., Seorotaiy.) 

[Read November 20, 18B5.] 

The Imperial Meteorological Observatory, Tokio, waa situated, till 

July 1882, OQ the upper level of the city, about a mile to the west ol 

the northern extremity of the Gulf of Tokio; lat. 35° 39' 50' N,, and 

long. 139° 45' 10" E. The Robinson's Anemograph (made by Caaella) 

was on a stage situated on the brow of a hill, the commencement of 

which is about 80 yards to the east- south -east, and which gradually 

increases in height towards the south, west, and north, at which latter 

point it was 60 yards distant, and had an elevation of about 35 feet 

above the level of the thermometers. The stage was 30 feet above the 

base. 

In July 1882 the Observatory was moved to a new position off the 
eastern side of a large square foundation (Tenshudai) within the castle of 
Tokio; lat 35" 41' N., long. 139° 45' E. The anemograph was erected 
on a tower well exposed in all directions. 



TABLE I.— Mean Velocity of Wcnb at Tokio, 1870-1885. 
Kilometres per Hour. 



Hnu 


J»n. 


Feb. 


M.r. 


Apr. 


May. 


June. July. A.ig. Stix. 


Oc- 


N=.. 


D«. 


Var. 


O-I 


9-69 


10-25 


lO-?! 


tO-90 


9-59 


7-98 


9-34 


8-28 


us 


9-06 


9.78 


9-5^ 


9-4* 




9-30 


10-41 


10-78 


10.58 


9.19 




8-7. 




8-54 


9-23 


9-69 


9-i8 


9-26 


'-3 


9.11 


IO-60 


10-41 


10-37 


9-18 




8-06 


7.26 


8-35 


9-58 


9-60 


9-68 


9-ii 


3-4 


9-xi 


lo-go 


10.41 


10-26 


8.92 




8-08 




8-7. 


9-42 


9-31 


9-46 


9oi 


4-5 


9-U 


10-81 


10-13 


10-26 


8-78 


7-30 


8-07 


7-'4 


8.6 1 


9-S7 


9-14 


9-5^ 


9-3. 


S-6 


8.67 


10-77 


976 


9'9S 


8-44 


7-53 r?"^ 


6-80 


8-39 


9-54 


9-24 


937 


SS< 


6-7 


8-56 


.0.38 


9'35 




?:S^ 


7-67 


8-.4 




S-37 


9-70 


9-M 


9-og 


s4' 


7-8 


S.6I 


IO-S3 


9-96 


10-60 


S-Il 


9-18 


7'97 


9-09 


9'97 


9-11 


8-S6 


9-21 


8-9 


8.75 


ii-oS 


11-40 


11.90 


10-32 


t^ 


10-32 


9'30 


iD-i: 


10.83 


9-78 


9-00 




9-IO 


I0'34 


12-37 


12-Si 


13-13 


11-75 


ll'S7 


■0-30 




11-36 


ia-8i 


9-82 


11-2 




11-42 


1312 


.3-86 


14-66 


13-38 


.1-15 


13-13 


.2-09 


ull 


11-48 


11-45 


11-00 


l2-3< 


p.ra. 


11-79 


13-04 


13-96 


16^ 


14-29 


12-41 


14-77 


.3-32 


11-93 


11-63 


,1.25 


11-52 


i3-« 


I3.IO 


i3'33 


'5-53 


17-29 


16-05 


1373 


16.44 


14-62 


13-' 7 


I2-l] 


.1-64 


12-l£ 


14-oi 




IZ-3S 


12-94 


16-04 


1S-14 


17.05 


14.60' 17-29 


1568 


13-72 


12-17 


11-36 


12-07 


14-+ 


a-3 


.1-36 


'3-36 


16-17 


19-02 


■7-73 


15-231 17-97 


.6-25 


13-93 




11-23 


w-78 


147: 


3-4 


11-75 


13-39 


16-37 


.9-36 


.7-80 


15-4^! 18-22 


.6-80 


14-13 


;i 1-47 


10-78 


11-49 


14-7! 


4-5 


10-25 


12-27 


157; 


Is-I] 


1744 


14-69 




16-54 


13-18 


10-30 


lit 


9-67 


13-8. 


S-6 


8-9, 


'0-45 






16-24 


14-21 




"5-4' 


■11-87 


9-30 


9-18 


12-7 J 


6-7 


9^ 


10-14 


12-52 


16.20 


.4.48 


1313 




'3-4. 


10-85 


8-84 


8-72 


9-»4 


ii-Si 


7-8 


938 


10-33 


11-98 


IS'12 


i3'3i 


11-90 


■ 2.S7 


1180 


10-07 


8-22 


8-70 


9-45 


11-05 


8-9 


9.49 


10-29 


...58 


13-33 


12-08 




12-25 


10-89 


9-76 


8-36 


8.86 


9-6. 


lO*. 


9-10 


9-47 


10-64 


11-26 


12-13 




'9-85 


11-24 




9-l6 


8-t6 


9-16 


9-3S 








10-65 


IO-88 


11-40 


10-64 


9-37 


10-62 


9-37 


8-78 


8-49 


9-46 


9-96 


i 


ii-ia 


979 


10-06 


i»6i 


10-70 


to-14 


8.48 9-80 


8-54 


8-SS 


8-93 


9.56 


973 


Mean 


9.97 


11-32 


12-35 


13-67 


1230 


10-62 12-22 


^ 


10-42 


9'99 


979 




11 1« 
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TABLE IL— Meas Velocity of Wind at Tokio, 1878-1885. 
HiLEa PER Hons. 



Hour. 


J^ 


F,h. 


Mar. 


Apr:L|M.,. 


Ju^e. 


Julf. 


Aug, 


S=pL j Ocl. 


No.. 


D*t 


Vnr. 


^"" 


6-oa 


6-18 


6-64 


67S 




4-97 






^■a6 


V64 


608 




,-88 










6.s; 
















S-8S 






S-bt 


...ss 




6.4. 


















^■(,i 


3-4 


S'S'J 






*.ii 


'.','■ 


4-4 1 


S-OJ 


4-';: 


■i-41 


VJ* 


179 


S.88 


5.64 


4-5 












4S4 


S'UJ 


4.4 


S'lS 


VOS 




■;.gi 






s-w 








S-r 




47' 


4.2' 


H-ai 


s-m 


w; 




5-5° 




Vt' 






b-IS 


l-zt 


4-7b 


S« 


44; 


Vm 








5-5° 


7-JS 


s-« 


JS5 




6-^! 


,.6, 






4-9, 


V66 


6.20 


S.66 








S-44 


7<x 


7-4< 








w; 


6-29 










9-10 




7-70 


7-W 


S'll 






7-lf 




6.67 




671 




6.q8 






8.U 






a-v 




8-2. 




7' 18 






6.8S 




11-12 


7-34 






9-9* 




7.72 


9.17 




7-40 


7.23 


700 


716 


S.08 


O-l 


7'S2 


S-iS 


q.64 


10-74 


9.98 8-52 


IO-2Z 


Q-oa 


8-. 9 


7-^2 


7.21 


7-56 


8-70 




7-61 




q-g* 


M.2T 


in.fi( 


q-08 


10-7^ 


q-?-; 






7.07 


7-49 


S-97 


z-3 


7-b7 




10<li 


TI'S] 


n<.: 


q.46 


M-It 


IO<X 




7'4S 


b.g8 


71' 


9-17 




7-zq 






IZ-ttl 










8-79 










4-5 


6.18 


7-61 


it 


ll-CIC 


lo-K. 


ilH 






8-9 




S'?? 




8-59 


5-6 


5-51 




iv-i\ 


1U*X 






■j-s; 




5-77 




WO 


7-94 










1007 






■J-(1 






<,.S0 


V41 


S7S 


7'34 






7-4'; 


g-4i 




740 




7-M 




Vio 


S-41 






8-9 591 


6.40 


7.2c 


N-2! 


7'V 




7-(.i 




(iflh 


■i-[9 


S-SO 


=;.<)7 


b-60 




b-bz 


7<x 




6-H, 


cn 


a 


6.M 


S-bS 


,^ 


S.68 


S.84 


b-IO 








7-01 
















6-20 


ii-ii 6-oS 


b.14 


b-60 




C.31 


5-28 


608 


S-30 


5-32 


5-55 


5-95 


6.04 


5-95 


Mean [ 6.20 


7-05 


767 


8-Soj 7-65 


6-60 


,.s» 


6-Ss 


6-46 6.22 


6-oa 


5.22 


(1.92 



TABLE III. — Harmonic Components o 
IN Kilometres ani 



Wind-Velocity at Tokio, 1876-11 



Monlh. 




Second Conpoiwni 


Third Componenl. 


Founh Componenl. 


Anipluude- 


Epoch 




Epoch 




Epoch 




Epocb 




viw 


n.U. 


a,m. 


V,h. 


ml,. 


^.w. 


1,11, 


mis. 


!k.m. 


klK 


ml<, 


im. 




F-ft2 












-16 






.18 










I OS 


11.40 


0.76 


■47 






-11 


510 


■43 


■27 


3^45 


March . 




201 


0-50 


1-14 


71 




■14 


■09 






-22 






4-79 


2.<« 




'■'3 


.70 


VO 


■21 


■'4 


1-40 


■01 




4-1 1 




470 


2-91 




MS 


■71 


^.(U 




.07 


U.SO 






4-0'; 




4-21 




J. L 




■41 


2.SS 




14 


U.2S 






405 




5-lu 


(.21 












■H 


U.OS 


.10 




4.40 


August . 


4.92 


Vot 


l-us 






^■■■5 






6. 10 


24 


■IS 


4.20 


September . 


3K» 




^■35 


079 


■49 


■ ■55 


-10 




7-30 


-26 


-16 


3^25 


October 


1.6, 


101 




0.76 






.72 
















0.61 








0.40 














December . 


'■37 


C.85 


II3S 


0-94 


■58 


1-0 


.46 


-29 


S^OS 


■03 


■02 


3^30 



The hourly meanB of wind-velocity for each month are published in the 
Beporl of Ike Mdtordogical Observatitms far tlie Ten Years 1876-1885 made 
at the Imperial Meteorological Observatory of Tolao. These means in kilo- 
metres per hour are given in Table I., and in miles per hour in Table 11.; 
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having been previously corrected for frictional error. In Table III. are 
given the results of the harmonic analysis as far as the fourth component; 
the amplitudes are expressed in kilometres, and also in miles, per hour, 
and the epochs are reckoned from midnight (Tokio mean time). 

An examination of Table III. shows that the diurnal component is by 
far the most important. Both the amplitude and the epoch are clearly 
subject to an annual period. The amplitude is least in November, and 
in the same month the epoch is earliest. The amplitude increases until 
April, diminishes slightly in May and June, and reaches a maximum 
in July, after which it decreases until November, As the amplitude 
increases or diminishes, the epoch generally becomes later or earlier in 
the day, varying between 11.20 a.m. in November and 1.5 p.m. in July 
and August. 

The amplitudes of the other three components are extremely variable. 
Their epochs, however, follow roughly the same law as that of the first 
component. The epoch of the second component (12 hours) occurs 
earliest (0.40 a.m.) in November and latest (3.0 a.m.) in April. That of 
the fourth component (6 hours) occurs earliest (2.55 a.m.) in October 
and latest (4.40 a.m.) in July. 

With regard to the epoch of the third component (8 hours), a difficulty 
occurs in the sudden leap from 5.10 a.m. in February to 0.55 a.m. in 
March. As Greneral Strachey has pointed out (Fhil. Trans. 1893a, p. 
621), this is due to the monthly intervals being too long to follow such 
rapid changes of epoch. We cannot be certain as it is whether the 
epoch has advanced from 5.10 a.m. to 8.55 a.m., or retrograded to 0.55 
a.m. Assuming the former to be the case, the epoch occurs earliest 
(5.5 a.m.) in December and latest (9.40) in April. 

Fig 1 shows the changes in epoch of the first four components. In 
Fig. 2 the first line (A) represents the variation of mean hourly velocity, 
and the second line (B) that of the amplitude of the first component, 
throughout the year. The two curves are somewhat similar, the amplitude 
of the first component increasing and decreasing with the mean hourly 
velocity, though not in the s^me ratio. 



Notes on some of the Differences between Fogs, as related to 
THE Weather Systems which accompany them. Submitted 
TO THE Fog Committee. 

By ROBERT H. SCOTT, M.A., F.R.S. 
[Read December 18, 1895.] 

In the month of June 1893 I had the honour of reading a paper before 
the Society on " Fogs reported with Strong Winds in these Islands," and 
this paper was printed in the Quarterly Journal, vol. xx. p. 253. 

Among the peculiarities of these fogs, the circumstance was noted 



42 SCOTT— FOGS AND WEATHER 

that the temperature at the time the fog was reported was high in general, 
and frequently agreed with the maximum for the day.^ 

Moreover, the strong wind fogs were accompanied by rain, which was 
frequently heavy. 

I have therefore endeavoured to apply a more careful test of the 
character of fogs with light winds in relation to maximum and minimum 
temperatures occurring at the time, and as to rainfall, with some infor- 
mation as to the distribution of pressure prevailing at the time. 

A few instances of well-developed fogs were chosen, and all observa- 
tions of the kind mentioned, which were taken during their prevalence, 
were included in the enquiry. These fogs lasted sometimes for nearly a 
month. 

The instances selected were all historical ones, and will be in the 
memory of the Fellows. They are : — 

1. 1873, December 3-15. — The great Cattle-Show fog. 

2. 1879, December 3-27.— The period of intense cold in 1879. 

3. 1880, January 26 — February 6. — A fog chiefly noticeable from the 
great increase in the death-rate of London at its close, as is shown by 
the reports of the Registrar-General for the weeks ending February 7th 
and 14th, 1880. 

4. 1881, January 5 — February 4. — The period of intense cold in 
1881. Towards the end of this interval the weather became cyclonic in 
type. 

6. 1888, January 9-14. — A remarkable warm anticyclone. A photo- 
graph of this fog at Malvern on January 12 th hangs in the rooms of the 
Society. 

It will be sufficient to repeat that these are all well-marked instances of 
protracted and general fogs. In several cases fog was reported at 8 a.m. 
from 10 or 12 stations, and on January 10th, 1888, from as many as 15. 

In each case, for the fogs reported at 8 a.m., there have been 
extracted : — 

a. The weather reported at 8 a.m. 

b. The temperature reported at 8 a.m. 

c. The minimum temperature of the ^preceding 24 hours. 

d. The maximum temperature of the succeeding 24 hours. 

e. The rain for both preceding and succeeding days. 

In the case of the fogs reported at 6 p.m., the temperature at the time 
of observation was extracted, but the maximum and minimum given in 
the tables refer to the same 24 hours, viz. those recorded at 8 a.m. next 
day. Of rain only one observation was entered. 

The fogs reported with strong winds have been treated in a precisely 
similar manner. 

The tables so prepared give the following results : — 

* An attempt to explain away this relation was made by one of the Fellows in the dis- 
cussion by suggesting that " when fog prevailed the temperature was steady and no daily 
range was apparent." 
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TABLE I.— Anticyclones, 8 a.m. 
December 1873. 



1 

1 

1 








Weather 




Temperatures. 




Rain. 


. 






• 


- M 


• 


Recorded 
next morning. 


< 

Q 


Station. 


reported 
at time. 


Wind. 


Minimum 
recorded 
at time. 


At time o 
observatio 


Maximun 

recorded 

next mornin 


Recorded 

at time o 

observatio] 

















in. 


in. 


3 


Kingstown . 






of 


SSEi 


46 


47 


52 


• • • 


■ • • 




Scilly . 






o f p 


SSWa 


48 


48 


53 


01 


•01 




Plymouth . 






f 


NW, 


46 


48 


50 


•01 


■ • ■ 




Dover 




; i of 


SWi 


47 


49 


52 


•02 


• • • 


4 


Dover 






bgf 


WSW, 


40 


43 


46 


• • • 


• • • 




Yarmouth . 






cf 


w. 


37 


38 


43 






• • • 


5 


Plymouth . 






gf 


El 


41 


44 


49 






• « • 




Dover 






SW3 


41 


43 


46 






• • • 




Yarmouth . 






fm 


Ws 


36 


41 


47 






• • • 


6 


Kingstown . 






gf 


Wa 


42 


42 


50 






■ • • 




Liverpool . 






of 


NNEi 


40 


41 


45 






• • • 




Plymouth . 






f! 


Z 


44 


45 


51 






• • • 




Dover 






NE4 


40 


45 


47 






• ■ • 


7 


Kingstown . 






o f c 


Sa 


42 


49 


51 


, 




• • • 




London 






SWa 


36 


42 


47 






• ■ • 


8 


York . 






cf 


SSWi' 


38 


41 


48 






•01 




Plymouth . 






fm 


NEi 


41 


43 


49 






• • • 


9 


Plymouth . 






bf 


Z 


31 


33 


47 






• • • 




London 






obf 


Z 


24 


24 


39 






• • • 




Yarmouth . 






cf 


WSWa 


34 


35 


43 






• • • 


lO 


Nottingham 






mf 


Wi 


25 


27 


38 






■ • • 




Kingstown . 






mf 


Z 


39 


40 


45 






• • • 




Roche's Point 






bf 


WNWa 


36 


39 


48 






• • • 




Portishead . 






mf 


Z 


21 


23 


35 






• • • 




Plymouth . 






bf 


z 


28 


30 


45 






• • « 




Dover 






bfg 


NNEa 


31 


36 


44 






■ • • 




London 






f 


Z 


19 


20 


30 






• • • 




Oxford 






of 


Z 


20 


20 


28 






• • • 




Yarmouth . 






fm 


Wa 


32 


39 


43 






• • • 


II 


Shields 






wf 


Ni 


37 


38 


42 






• • • 




York . 






bf 


Z 


26 


38 


38 






• • • 




Nottingham 






f 


w, 


23 


24 


31 






■ • • 




Kingstown . 






f 


Si 


36 


39 


43 






• • • 




Liverpool . 






cf 


SE, 


30 


31 


39 






• • • 




Portishead . 






f 


El 


20 


22 


32 






• • • 




Plymouth . 






f 


El 


30 


33 


44 






• • • 




Dover 






cf 


NNE3 


35 


41 


44 






• • • 




London 






f 


Z 


19 


25 


34 






• • ■ 




Oxford 






f 


z 


20 


20 


27 






• • • 




Yarmouth . 






cf 


Wi 


33 


39 


42 






•01 


12 


York . 






f 


Ni 


21 


22 


33 






• • • 




Nottingham 






f 


Si 


20 


24 


27 






■ • • 


1 Kingstown . 






bf 


Si 


36 


40 


45 






• • « 




Holyhead . 






bf 


SWi 


34 


34 


45 






• • • 




Liverpool . 






bf 


SEj 


26 


26 


39 






■ • ■ 




Portishead . 






f 


z 


21 


27 


38 






•02 




Plymouth . 






f 


z 


31 


35 


43 






• • • 




Dover 






fc 


N3 


39 


43 


46 






• • « 




London 






of 


z 


25 


33 


38 






• • • 




Oxford 






f 


z 


20 


20 


33 






• m • 




Yarmouth . 






f 


NW4 


30 


31 


37 


•1 


31 


• • • 


13 


York . 






fm 


SEi 


20 


32 


39 






• • • 




Scarborough 






bf 


SWa 


31 


36 


41 






• • • 




Nottingham 






f 


Wi 


21 


25 


32 






• • • 




Kingstown . 




f 


Z 


39 


43 


46 


• ■ • 


• • • 
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TABLE I. 


— Anticy 


CLONES, 8 


A,.M.~"~ 


CoTUinued, 






Date. 


Station. 


Weather 
reported 
at time. 


Wind. 


Temperatures. 


Ram. 


Minimum 
recorded 
at time. 


At time of 
observation. 


Maximum 

recorded 

next morning. 


Recorded 

at time of 

observation. 


Recorded 
next morning. 



















in. 


in. 


1 Pembroke . 


fm 


NNEa 


34 


39 


43 


• • • 


•01 




Portishead 






fm 


Z 


25 


37 


39 


•02 


» • • 




Plymouth 






f 


NEi 


35 


42 


48 


• • • 


• • • 




Dover 






of 


NNWa 


39 


40 


42 


• •« 


• • • 




London 






of 


Wi 


31 


35 


39 


• ■ • 


• • • 




Oxford 






f 


z 


20 


33 


35 


• ■ • 


03 




Cambridge 
Yarmouth 






bfc 


SWi 


22 


32 


35 


■ ■ • 


• • • 








f 


w. 


27 


29 


36 


■ ■ • 


• • • 


H 


York . 






fo 


Wi 


28 


38 


41 


• • • 


• • • 


Scarborough 




fo 


SWa 


36 


39 


42 


• • • 


• • • 




Nottingham 




f 


WSWi 


25 


32 


35 


• • • 


• • • 




Kingstown . 




fm 


SSEi 


41 


43 


51 


• • • 


• • • 




Holyhead . 






mf 


SSWa 


42 


44 


50 


• • • 


03 




Pembroke 






fm 


SEa 


38 


43 


49 


•01 


• • « 




Dover 






f 


NNWa 


35 


37 


41 


• • ■ 


• ■ • 




London 






f o m 


NW, 


33 


34 


39 


• • • 


•03 




Yarmouth . 






f 


WSWi 


27 


34 


37 


• «• 


•02 


'5 


Scarborough 




fc 


SW3 


30 


34 


55 


• « • 


• ■ • 




Dover . 




fo 


SW3 


36 


40 


50 


• « • 


•08 




Yarmouth . 




fg 


SSWa 


32 


36 


54 


.02 


•03 


Deoe 


MBER 187 


9. 










3 


Nottingham 


f 


Z 


5 


16 


24 




• • • 




Ardrossan . 




bf 


ENE, 


21 


22 


30 




• •• 




London 




fg 


NEi 


14 


23 


32 




■ • • 




Dover 




bf 


Z 


27 


28 


34 




• ■ • 


4 


Ardrossan . 




bf 


Ea 


15 


17 


37 




•03 


6 


Shields 




f 


\\\ 


26 


28 


33 


•35* 


• • • 




York . 




f 


WNWi 


II 


12 


25 


•21 


• • • 




London 




bf 


NWj 


24 


29 


34 


•03 


* • • 


7 


Kingstown . 




bcf 


Z 


26 


28 


36 




• • • 




London 




bf 


Z 


13 


15 


35 




• • • 




Oxford 




bf 


NNEi 


12 


12 


35 




• • ■ 


8 


Kingstown . 




bf 


W, 


26 


29 


37 




• • • 




Holyhead . 




f 


SWi 


34 


34 


42 




• • • 




Roche's Point 




f 


NNE3 


30 


31 


39 




• • • 


9 


Kingstown . 




of 


WNWi 


26 


33 


45 




05 




Roche's Point 




f 


Na 


31 


38 


42 




• • • 




Oxford 




f 


Z 


20 


21 


35 




•03 


lO 


Holyhead . 




f 


WSWi 


40 


42 


45 


•02 


• « • 




Oxford 




of 


Wi 


20 


35 


36 


•03 


• • « 


11 


Spurn 




f 


WSW4 


27 


29 


37 


• • • 


• * « 




York . 




f 


SEi 


14 


17 


27 


• • • 


• • • 




Nottingham 




of 


z 


19 


20 


31 


•05 


• • • 




Kingstown . 




of 


z 


30 


33 


43 


• • • 


01 




Liverpool . 




f 


SEi 


29 


32 


39 


• ■ • 


• ■ • 




London 




bf 


Z 


19 


22 


34 


• • • 


• • • 




Oxford 




of 


Z 


19 


20 


32 


■ • « 


• • • 


12 


Dover 




of 


NNW3 


31 


34 


38 


■ • • 


03 




London 




ogf 


NWi 


19 


32 


39 


■ • ■ 


• • • 




Yarmouth . 




WNW2 


24 


32 


36 


• •• 


•03 


13 


Dover 




ofd 


NNE2 


34 


36 


38 


•03 


•01 




London 




ogf 


SWi 


32 


34 


39 


• • • 


• • • 




Yarmouth . 




z 


30 


34 


35 


•03 


• • • 



The precipitation was snow from the N W. wind of a depression which had passed on the 5th. 
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r». 


K«n. 












>< 


a 


SlATlQK. 


"^d 


WM. 


III 


Jl 


E-o = 


jl 


II 










sis 


<■! 


= ^S 


-1 


14 


Yannouth . . 


bef 


wsw. 


30 


32 


3°7 


in. 


in. 


IS 






f 


z 


3S 


38 


43 








Yarmouth . 




f 


ss^. 


31 


37 


38 


■02 




16 


York . 




f 


35 


36 


40 








Oxford 




of 


z 


35 


36 


37 








Yannouth . 




f 


z 


30 


32 


37 








Wi!Jk. '. 




f 


SE, 


36 


38 


40 




01 


'7 




f 


SW, 


37 


39 


45 








Shieids 




f 


wsw, 


32 


35 


46 








York . 




f 


s. 


30 


31 


37 








Noltingbam 




of 


SW, 


3° 


30 


38 








Hurst Castle 




f 


NNE, 




27 


35 








London . 




of 


NW, 


13 


23 


34 








Oxford 




of 


Z 


23 


23 


30 








Yarmouth . 




( 


Z 




22 


37 






iS 


IGngsIown '. 




f 


N, 


31 


39 


42 










cf 


s, 


32 


34 


42 








Liverpool . 




r 


z 


33 


36 


38 








Hursl Caatic 




f 


ENE) 


25 


31 


^ 








London 




ofe 


Z 




34 


40 








Oifard 




of 


z 


23 


30 


37 












f 


z 


33 


32 


37 






'9 


Wick . 




f 


z 


29 


36 


43 








Kingstown . 




cf 




30 


33 


41 








Holyhead . 




f 


s, 


3' 


32 


39 








London 




bf 


tiK, 


3' 


3* 


37 








Ardrossan . 




cf 


E, 


30 


31 


38 








Hursl Castle 




f 


ESE, 


30 


3' 


43 




■02 




Yarmouth . 




bcf 


Z 


27 


30 


36 








Yarmouth . 




f 


SW, 


36 


36 


39 






2J 


Dover 




of 


wsw. 


34 


37 


38 








London 




f 


y. 


28 


32 


37 








Oxford 




of 


z 


23 


28 


37 






24 


Hurst Castle 




f 


z 


27 


27 


42 




432 




London . 




bcf 


SW, 


23 


23 


40 








■i-armouth . 




bf 


SWj 


27 


30 


34 






25 






f 


z 


26 


27 


30 








Pembroke . 




fo 


ENE, 


33 


35 


44 


■03 






Hurst Castle 




f 


E, 


27 


39 


41 








Dover 




of 


N, 


34 


38 


39 




-□a 




London 




f 


Z 


33 


34 


35 








Cford . 




of 


z 


30 


30 


34 












f 


Si 


25 


z6 


40 








Yaimouth . 




f 


w. 


27 




35, 






26 


Spurn 
York . . 




f 
f 


ii; 


27 


28 
28 


33 
32 


;;; 






Dover 




of 


SE, 


3' 


33 


33 








London 




gf 


SE, 


29 


30 


35 








Oiford 




of 


A 


29 


34 


34 






a; 


Dover 


of 


26 


32 






*°' 
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T. 


mptnuu 


■^^ 


R^n. 






^ 


T~F 


■S"5 


.r,? 


< 


STATroB. 




Wind. 


-1= 


1 


.11 


if 












1. 


lii 


■0 


«5 


26 


Halyhead . 


of 


SSWj 


33 


34 


3°7 


in. 


!"■ 




London 






f 


z 


18 




34 
34 










Oxford . 






bcf 


z 












27 


Notlingham 






f 


ssw, 


'9 




29 










Dover 






bf 


NE, 


25 


26 


















f 


z 


17 




34 










Oxford 






of 


z 


>6 


iS 






z 1 




Yarmoulh . 






s 


z 


a6 


39 


35 








38 


York . . 
Noltineham 
Hurst Casllc 






! 
of 

f 


si;,, 

ENE, 


23 


23 

24 

27 


33 
29 
33 






... 1 




Dover 






bf 


N. 


M 


25 


34 
















f 


.SSE, 


16 




26 










Oxford 






of 


Z 


iS 




25 

3 










Cambridge . 






f 


^1 


16 
















f 


sw, 




24 








29 


Iluist Cmtk 
Oxford 






f 

of 


ENE, 
7. 


26 


29 
23 


40 
34 






■°s 




Yarmouth . 






f 


Z 


17 


23 






is i 


30 


Vaimoulh . 






bf 


.SSW, 


22 


34 


40 


<a 




3' 


Holyhead . 






r 


ssw^ 


40 


46 


48 


■03 






Dovet 






bf 


7. 


33 


34 


44 














f 


z 


28 


3> 


SS 
49 








Oxford 






bf 


w, 


33 


35 








Yumoulh . 






bf 


SHW, 


ii 


36 


42 






Feb. 


York . 






r 


1 


31 


31 


48 








Nollinghain 






f 


37 


2& 


46 








London 






r 


z 


27 


29 


^ 








Oxford 






of 


z 


26 


26 


SO 








Yarmouth . 






bf 


w.sw. 


33 


35 


45 














odf 


wsw, 


4^ 


49 


50 


■37 






Dover 






of 


WSWa 


31 


35 


41 




-<» 




London 






f 


z 


27 


il 


50 








Yatmouth . 






bf 


wsw, 


33 


36 


42 






3 


York . 






f 


Si 


34 


42 


50 








Nottingham 






f 


\ 


32 


4' 


46 




01 




Pembroke . 






of 


Ak 


43 


44 


46 


■°4 






.Sdlly. . 






f 


45 


45 


51 


■OS 


■06 




Prawle Point 






f 


.S.SW, 


43 


46 


43 


■05 






Dover 






of 


wsw. 


34 


36 


39 


■02 






Yarmouth . 






r 


wsw, 


33 


3S 


42 






4 


Spurn 
riurst Castle 






f 

f 


.1. 


40 
34 


44 

39 


ii 


■oi 




Dover 






bf 


3" 


35 


41 








London . 






bf 


sw. 


30 


31 


54 








Oxford 






of 


z 


39 


40 


47 


■oS 






Yarmouth . 






f 


z 


3f 


33 


42 






5 


Hunt Castle 






f 


SE. 


33 


37 


45 




■03 




Uovcr 






of 


w, 


3* 


36 


41 




■02 




London . 






f 


w. 


25 




54 




■02 




Oxford . 






of 


z 


30 


32 


46 








Yarmoulh . 






bf 


ssw. 


3' 


33 


44 






6 


Spurn Head 






f 


SSE, 


34 


38 


46 


■04 






Oxford 






of 


z 


3^ 


43 


49 




•06 





Yarmoulh . 







f 


SSW, 


3' 


^ 


44 


■03 
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TABLE I. — Anticyclones, 8 a.m. — Continued, 

January 1881. 



• 

u 

< 






Weather 
reported 


Wind. 


Temperatures. 


Rain. 


Station. 


§ « « 


eof 
tion. 


a V c 




ded 
ning. 







at time. 




Minim 
record 
at tin 


At tim< 
observa 


Maxin 

record 

next moi 


Recon 

at tim< 

observa 


Recon 
next moi 

















in. 


in. 


5 


Stornoway . 


f 


Z 


28 


30 


36 


■ « • 


• •• 




Leith . 




f 


z 


27 


28 


35 


•01 


• • • 




Ardrossan * 




f 


NEa 


29 


29 


42 


• « • 


• • • 


8 


Ardrossan . 




cf 


ENEs 


25 


27 


29 


• •• 


• • • 




Yarmouth . 




bcf 


Ni 


35 


37 


40 


• • • 


• • • 




Nairn . 




f 


Z 


18 


20 


29 


• • • 


• • • 


9 


Nairn . 




f 


Z 


20 


21 


33 


• • • 


•03 




Ardrossan . 




of 


NEi 


25 


27 


33 


• • • 


• • ■ 


lO 


Ardrossan . 




of 


Z 


24 


25 


33 


• • « 


• • • 


II 


Ardrossan . 




cf 


SSEi 


23 


26 


34 


• • • 


• • • 




London 




r^s 


Ni 


32 


32 


36 


• « • 


• 10 


14 


Ardrossan . 




bcf 


Z 


19 


20 


31 


• • • 


• • • 




York . 




■f* 


Ni 


18 


20 


21 


• ■ • 


• • • 




Nottingham 




f 


Ni 


12 


19 


22 


•01 


• • • 




Oxford 




bf 


NNWi 


II 


12 


30 • 


• • • 


■ • • 


15 


York . 




f 


NEi 


3 


7 


18 


• • « 


•02 




Ardrossan . 




bf 


ESEi 


18 


22 


32 


• • • 


• • • 




Parsonstown 




f 


^i 


16 


20 


24 


• • • 


■ • • 




Barrow f . 




f 


NEa 


19 


23 


27 


• • • 


.08 




London 




f 


Wi 


II 


12 


26 


• • • 


• • • 




Oxford 




bf 


SWi 


9 


10 


26 


« • • 


• • • 


i6 


Ardrossan . 




bcf 


ESE2 


15 


17 


29 


• • • 


• « « 




Pembroke X 




f 


ENEi 


24 


30 


38 


•07 


• • • 




London 




bf 


Wi 


II 


14 


29 


• • • 


• • • 


17 


Leith . 




bf 


Wi 


9 


12 


32 


• • ■ 


> • • 




Spurn Head 




f 


WSWj 


20 


20 


25 


• • • 


• • • 




York . 




f 


Z 


8 


10 


29 


.01 


• • • 




Ardrossan . 




bf 


ENEi 


5 


17 


29 


• • • 


• • • 




London 




bf 


Z 


9 


10 


32 


• ■ « 


• • • 




Oxford 




bf 


Z 


10 


10 


31 


• « • 


• • • 


20 


Leith 




cf 


Wi 


20 


23 


31 


•04 


.14 


21 


Ardrossan . 




of 


NEj 


22 


27 


29 


• • • 


• •• 




London 




bf 


ENEi 


12 


21 


31 


« • • 


• • • 


22 


Ardros.san . 




bf 


El 


12 


18 


38 


• • • 


.04 




Oxford 




f 


Ni 


7 


9 


31 


• • • 


• • • 




Yarmouth § 




fg 


W3 


15 


26 


34 


07 


•09 


24 


Leith . 




bf 


Wi 


12 


22 


34 


• • • 


• • • 




Spurn Head 




f 


NWa 


20 


22 


25 


• • • 


• • • 




York . 




f 


Z 


15 


25 


27 


• • • 


• • • 




Nottingham 




of 


Z 


16 


22 


26 


• • • 


• « • 




Ardrossan . 




of 


NEi 


12 


26 


37 


• • • 


• > • 




Holyhead . 




f 


SSW2 


30 


32 


36 


• • • 


•02 




Hurst Castle 




f 


El 


20 


22 


30 


• • • 


• • • 




Dover 




of 


NNEj 


26 


29 


32 


• • • 


• • « 




London 




f 


Z 


24 


24 


29 


• • • 


• • • 




Oxford 




f 


Z 


II 


18 


23 


• • • 


• • • 




Cambridge . 




f 


z 


18 


19 


24 


•02 


• « • 


25 


Spurn Head 




f 


SSWi 


14 


14 


24 


• • • 


■ • • 




York . 




f 


s, 


17 


17 


18 


• •• 


• • ■ 




Nottingham 




of 


SSWi 


II 


II 


19 


• •• 


• • • 


i Barrow 




f 


ENEs 


18 


18 


30 


• •• 


• • ■ 


i Holyhead . 




f 


SSWj 


31 


33 


38 


•02 


• • • 




Oxford 


of 


Z 


16 


20 


22 


• • • 


• • • 



•"b" at 2 p.m. 
X Rain due to local depression. 



t Rain in small local depression over Irish Sea. 
S T Cyclonic over North Sea. 
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TABLE I. — Anticyclones, 8 a.m. — Continued, 
January 1888. 



• 

H 

< 








Weather 
reported 
at time. 


Wind. 


Temperatures. 


Rain. | 


Station. 


Minimum 

recorded 

at time. 


At time of 
observation. 


Maximum 

recorded 

next morning. 


Recorded 

at time of 

observation. 


Recorded 
next morning. 

















in. 


in. 


9 


Loughborough 


fw 


SWj 


36 


36 


54 


• • ■ 


• • • 




Barrow 






f 


SWi 


42 


43 


46 


•01 


•03 




Liverpool . 




; bf 


SSEi 


41 


41 


53 


• • • 


•02 




Roche's Point 




1 f 


Sa 


46 


46 


50 


•06 


•01 




Pembroke . 




1 r 


SSEa 


46 


46 


46 


•03 


•02 




Scilly . 






f 


SSEi 


45 


48 


50 


•01 


•03 




Prawle Point 






f 


NWj 


43 


45 


49 


04 


•01 




Jersey 
Hurst Castle 




1 


NNWa 


45 


47 


49 


•05 


•01 






1 of 


NNWa 


43 


45 


46 


• • • 


02 




Oxford 




1 f 


SWs 


42 


42 


46 


• • • 


• ■ • 


lO 


Shields 




^ fw 


Z 


37 


38 


48 


• • • 


• « • 




York 




1 f 


Si 


34 


35 


43 


• • • 


•01 




Loughborough 




. 1 f 


z 


33 


34 


49 


• • ■ 


• • • 




Donaghadee 




1 I 


S3 


43 


46 


48 


•01 


• • • 




Barrow 




of 


ENE, 


38 


40 


45 


•03 


•03 




Holyhead . 






SSWj 


43 


44 


45 


•01 


•01 




Roche's Point 






SSW3 


46 


46 


49 


•01 


•01 




Pembroke . 






SSEs 


40 


44 


44 


•02 


•02 




Scilly . 




of 


SSE3 


45 


47 


48 


•03 


•01 




Jersey 




1 * 


SE3 


43 


44 


45 


•01 


•01 




Hurst Castle 




* i 


El 


38 


40 


45 


•02 


02 




Dungeness . 




1 r 

' 1 


NWi 


36 


37 


41 


•02 


•02 




London 




. ' of 


Wi 


34 


35 


46 


• « • 


•01 




Oxford 




i f 


z 


32 


33 


41 


• • • 


• • • 




Yarmouth . 




bf 


WNWj 


40 


41 


51 


• • • 


•01 


II 


Spurn Head 




1 


Z 


38 


38 


41 


• • • 


•01 




York . 






SEi 


31 


33 


39 


•01 


•02 




Loughborough 




1 I 


SWi 


29 


30 


32 


• • • 


• • B 




Donaghadee 




f 


SSW3 


4? 


44 


46 


• • • 


• • • 




Barrow 






SW2 


38 


39 


40 


•03 


02 




Liverpool . 






WNWi 


38 


39 


39 


•02 


• « ■ 




Roche's Point 






S4 


44 


45 


47 


•01 


• • • 




Prawle Point 




i f 


E3 


40 


43 


44 


• • • 


• • « 




Jersey 






E^ 


40 


41 


41 


•01 


•01 




Hurst Castle 




1 f 


y^ 


34 


36 


42 


02 


•02 




Dungeness . 




1 * 


Z 


35 


35 


40 


•02 


•02 




London 






z 


32 


33 


40 


•01 


01 




Oxford 




1 f 


z 


30 


32 


34 


• • • 


• • • 




Yarmouth . 




bf 


Wi 


34 


38 


42 


•01 


•02 


12 


Aberdeen . 




1 f 


SSEa 


30 


33 


37 


•01 


• • • 




Leith . 




1 * 


Wi 


32 


34 


41 


• • • 


• • • 




Shields 






Si 


30 


30 


37 


• • • 


• • • 




Spurn Head 




i I 

1 


SSEi 


35 


35 


37 


•01 


•01 




York . 






s, 


32 


32 


34 


•02 


•01 




Ardrossan . 




, of 


z 


34 


37 


43 


■ • « 


• • • 




Barrow 




f 


ENEo 


31 


32 


35 


•02 


• • « 




Liverpool . 








ESEi 


30 


30 


38 


• • > 


•01 




Prawle Point 








ENE3 


37 


42 


44 


• • • 


• • • 




Jersey 








EN El 


36 


36 


43 


•01 


• • • 




Dungeness . 
London 








NEi 


34 


40 


41 


•02 


• • • 










Z 


34 


35 


38 


•01 


• • • 




Oxford 








Z 


30 


30 


33 


* • • 


•02 




Yarmouth . 






bcf 


z 


36 


38 


39 


•02 


•03 



SCOIT— FOGS AND WEATHER 

TABLE I,— Anticttolones, 8 a.k. —Omtmued. 

January 1888. 











n 


Wmd. 


T 


mpcraii. 


c^ 


R^n. 


STATION. ^?tiUlt' 


.IJ 


}i 


■bI 

. -Eg 





1" 










■Ji 


Ji 


ai 


^1 


'3 




rf 


W, 


39 


45 


46 


in. 


in. 




Wick . , 




1 f 


z 


30 


41 


46 








Spurn Heail 






NNE. 


32 


3* 


40 








Vork. 






2S 


ag 
















ESE, 


zS 


29 


35 








Ardrossan . 






Z 


35 


43 


ti 








P™brokc . 






E, 


33 


33 








Scilly. . 






E. 


Si 


45 


45 








Pnwle Point 






ENE. 


40 


40 








Oxford 






S. 


30 


31 


32 








Yarmouth . 






SSE, 


35 


37 




■03 




M 


Wick . 






S, 


40 


4' 


4' 








Aberdeen . 






Z 


30 


37 


4' 


■03 






Malin H«ul 






SSE, 


38 


38 


4t 






Barrow 






NW,° 


34 


38 


41 






1 Liverpool . 






HSE, 


34 


56 


41 


•03 




Priwie Point 






Nj 


19 


32 


42 










of.' 


E, 


3" 


32 


36 






Oxford 




SW, 




31 


!i 






\'armouth . 




f 


Z 


31 


33 






FOGH WITH STKONG W 


KM, 8 


A.11. 








1S76. 
















Jan. 19 


V^eocia . ( 


SSWg 


40 


49 


51 


■03 


■93 


30 


Pembroke , 


f 


s. 


43 


48 


49 


■09 


■og 


FeK 17 


Pembroke . 


f 


SW, 


4S 


49 


50 


.40 


-16 


Mar. 3 


Pembroke . 


of 




49 


50 




.02 


Sept. 26 


Scilly 
Wick 


j ofd 


wsw. 


55 


58 


59 


■27 




Nov. .5 


' f 


SE, 


40 


5° 


51 


.81 




Dec. 31) 


Roche's Point . 


rf 


s7 


46 


SO 


5* 


■18 


I ■26 


1877. 


















Jan. 6 


Roche-3 Point . 


rf 


SE, 


40 


48 


5' 


■22 


■75 


16 


Scilly 


f 


SSW, 


47 


5* 


54 


-07 


■IS 


aj 


Roche's Point . 


' rf 


^t 


47 


50 


5t 




■45 


May 17 


SdUy . . 


odf 


WSWo 


S" 


54 


56 


■74 




'9 


Sumburgh Head 


f 


ENE„ 


42 


46 


48 






19 


Stornoway . 


<ir 


NNE, 


45 


47 


S2 




■02 




Pembroke . . 


rf 


SSW, 


5° 


5^ 


55 


■46 


■03 




Scilly 


dof 


SW, 


S° 


55 


59 


■04 






Scilly 


i of 


NE. 


54 


56 


59 


■27 




July ig 


Scilly . . 


i i^ 


w. 


57 


60 


63 


■19 


■04 


Aug. 14 


SumburghHead 1 f 


NE, 


5° 


5* 


56 






15 


SamburghHead | f 


NEa 


51 


S5 


59 






17 


Pembroke. ofr 


SW. 


57 


61 


63 


■49 




Ocl. 30 


Roche's Poinl 


rf 


SSW, 


50 


55 


59 




■15 


Nov. ii 


Pembroke . 


rf 




46 


53 


54 


.28 




Dec 28 


Roche'a Point . 


rf 


s. 


35 


47 


53 


*5 


.40 


Sdlly 


f ! SW, 


48 


51 


53 


■05 


432 




Pembroke 




f WSWo 


SO 


5' 


52 




■03 


Feb. 15 
■1 


Scilly 




fd 1 .ssw. 


45 


52 


S3 


■09 


■05 


Sdlly 




of S, 


49 


50 


53 


■05 


■04 


=8 


Sdlly 


fd 1 SW, 


50 


53 


54 


■16 
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TABLE 1.— FocH with Strong Winds, 8 A-n.—CoiUmued. 







Weather 




T^p^iur^. 1 


lUin. 


1 


-i 


B t 




■d^ 






T^ 


Wind. 


afi- 


If 


•i\ 


as 


April 13 


Scilly 


fd 


s. 


^ 


5°* 


56 


in. 
■86 


in. 


Nov. 3g 


Dover 


oudf 


NNE, 


40 


46 


47 




■64 , 


D«. 30 

1879- 
Jan. 13 


Dover 


ofr 


WSW, 


43 


49 


50 


-08 


■*3 , 


Scilly 


fd 


■wsw. 


42 


S' 


53 


■11 


■.5I 


Feb. 9 


Pembroke , 


f 


SSW„ 


44 


47 


47 


.58 


■03 1 




Sdlly 


odf 


SSE. 


49 


50 


52 


■24 




Ma.. 25 


Dover 


ofs 


E» 


31 


33 


39 


■02 


■04 1 


Aprii 7 


Wick 


f 


Sa 


40 


42 


43 




■35 ; 




Scilly . . 


of 


NNEg 


45 


46 


46 




■°3 ! 


May 30 


Sumburgh Head 


r 


NE, 


44 


49 


53 






June .9 


Scilly 


of 


s. 


54 


57 


59 


■03 




July 7 


Scilly 


fd 


WSW. 


54 


57 


61 


■'3 






Pembroke , 


f 


WSWi 


S4 


56 


S8 


■34 


■06 1 




Prawie Point . 


f 


SW, 


54 


56 


6a 


.48 




3' 




of 


SSF, 


54 


Is 


60 


■19 


-oS ' 


3' 


Sdlly . . 


V/ 


ssw. 


56 


60 


64 




■08 1 




Sdlly . . 


ssw, 


57 


5a 


65 


■4» 


■16 


s!^i 1 


Ardrossan . 


rf 


ssw, 


5* 


53 


57 




-29 


7 


Wick 


f 


SE, 


5» 


53 


55 


■03 




OCL 32 


Scilly 


of 


w„ 


53 


56 


57 


■02 




Dec. 28 


Pembroke . 


of 


SWj 


SO 


53 


54 




-08 


iSSo. 


















Mur. s 


Pembroke . 


cr 


wsw. 


45 


48 


49 






ig 


Scilly 




ESE, 


47 


is 


49 




.16 


'7 


.Scilly . . 
Pembroke . 


rr 


E, 


47 


49 


50 


-16 


■37 


Dec. 21 

188.. 
Jan. 19 
Feb. 14 


rf 


WSW, 


46 


S2 


S' 


■34 


■30 


Pembroke . 


bcf 


NNE, 


27 


z8 


33 




■OS 


Pembroke . 


r f 


ESE, 




43 


46 


■36 


■35 


Mar. ID 


Scilly . . 
Pembroke . . 


of 


WSW, 


49 


50 


51 




■oa 


May 6 


f 


SW, 


48 


50 


5' 






Aug. 3 


Hoiybead . 


fq 


SSWe 


55 


59 


6z 


06 




Dec. 24 

i8Sz. 
Jan. 5 


Ardrossan . 


of 


s. 


30 


44 


47 




-61 


Valencia . 


fE 


WSW. 


4* 


53 


55 


'49 


-10 


6 


Ardrossan , 


bf 


WSW, 


43 


44 


U 


■43 




Mar. !□ 


Scilly . . 


f 


SW, 


SO 


5» 


54 


■oa 


■03 


April 12 


Roche's Point . 


r f 


SE. 


48 


5' 


11 


■24 


-»5 


%' 


Stornoway . 


t 


WSWj 


54 


ss 






my 12 


Holyhead . 


fq 


SSW, 


44 


50 


54 


■ 17 


-07 


'3 


Holyhead . 


r fii 


SSW, 


43 


5° 


55 


■07 




Aug. g 


Liverjiool . 


f 


WSW. 


S3 


S5 


62 


■47 




Ocl. 7 

1S84. 
Jan. 23 


Sumburgh Jtead 


f 


\Vj 




53 


64 


■39 




Pembroke . 


( 


SSW; 


49 


50 


51 


■21 


■26 


23 


Prawie Point 


r 


SW, 


47 


5° 


51 


■^ 


-08 


23 


Hurst Castle . 


odf 


SW, 


46 


49 


S3 


■iS 


%' 


Wick. . . 




Sa 


54 


56 


U 






Mar. 37 


Pembroke . 


r f 


SSW, 


45 


53 


54 


■38 


■35 


Pembroke . 


' 


ssw, 


45 


46 


48 


■60 


•22 



SCOTT— FOGS AND WEATHEE 
TABLE I.— F008 WITH Steono WiHoa, i x.-n.—Co>Uiniud. 







Wa,Ui« 






p,pc™ta 


■«. 


^.„. 




T^ 


s,.f 


■8"B 


■S| 






ILdmc 




■E.i 


■ 


I-eI 


¥ 


1 










■J' 


<l 


M 


i-.. 


«^| 
















in. 


in. 


April 20 


Varmouth . 


fg 


ENE, 


40 


42 


47 




■01 


Pembioke . . 


f 


SSE, 


40 


48 


49 


.40 


■17 


Mar. 4 
.SSS. 


Scilly 


of 


Eb 


41 


44 


45 






J=>n. S 




( 


Wb 


44. 


45 


47 




•01 


Jin. 22 


Sciily 


of 


WNW, 


48 


49 


49 


■16 




Mar. 8 


Holyhead . 


Ofq 


ssw, 


43 


45 


47 


■05 




S 


Pmwle Point 


f 


ssw, 


37 


46 


4S 






Mir. 10 


Huist Castle 


f 


ssw. 


43 


43 


47 


■25 


■51 


Nov IS 


Pembroke . 


rfq 


5' 


54 


55 


■53 


■OS 


IS 


Prawle Point 


rf 


ssw. 


51 


55 


56 


■08 


■07 


Nov. 16 


Pembroke . 


Cfq 


H3W, 


53 


55 


55 


-05 


□2 


16 

1S89. 
Feb. . 


Prawle Poinl 


f 


SSW, 


54 


55 


55 


■07 


■ax 


Sdlly 


f 


WSW, 


4S 


52 


5' 


■04 


■12 




Hiusi Castle 




WSWg 


46 


47 


49 




-09 




Holyhead . 


qf 


ssw, 
wsw, 


48 


49 


52 






Mar. 34 


Hunt Castle 


ofd 


43 


45 


SO 




■03 


Aug. 3 


Holyhead . 


H 


sw, 


56 


59 


63 


■60 




3 


Prawle Point 


fu 


ssw, 


58 


60 


60 


■*3 


■'S 


.890." 


















Jan. ,3 


Pembroke . 


rf 


ssw, 


4G 


SO 


50 


■OS 


■03 


April 7 


Dungeness . 


f 


«■« 


45 


46 


54 




■07 


June 5 


Hurst Caslle . 


fd 


ws\v„ 


53 


55 


59 


■97 


■04 


30 


Hurst Castle . 


rf 


ssw ;, 


53 


56 


63 


■3' 


-iS 



Taking first the temperatures, the number of instances was noted in 
which the difference between the temperature, corresponding to the 
entry of fog, which ia hereafter called the "Fog Temperature" (and 
which in the cases first considered is at 8 a.m.), and the maximum and 
minimum temperatures (as above defined) reapoctively, amounted to 0°, 
1 °, 2°, and so on. These are reproduced in Table II. 

It was at once apparent that the regular anticyclonic fog does not 
completely annul diurnal range, but that the strong wind fog has a 
decided tendency to do so. The diagrams submitted herewith (not re- 
produced here) show very clearly the relation of the fog temperature to 
the respective extremes of temperature. The curves in those diagrams 
indicate frequency of occurrence of equal amounts of difference. Difference 
of 0°, or absolute agreement of fog temperature with either extreme, is 
shown on the loft of the diagram. 

It will be seen that in the anticyclonic fogs the difference between 
the fog temperature and the minimum is much less than that between 
the same temperature and the maximum. The former curve reaches its 
greatest frequency at differences of 2° or 3°, while the latter curve reaches 
ita greatest frequency at differences of 4° or 5", or even more. 

In the " strong wind " fogs this relation is reversed, for in their case 
the curve of difference from the maximum shows its greatest frequency 
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at only 1°, while that of difference from the minimum shows its greatest 
frequency at 3°. 

It is assumed that the minima dealt with are those of the night 
preceding the foggy morning. The cases in which the minimum 
temperature does not really belong to the night are rare, and occur with 
sudden changes of wind at the appearance of disturbed weather. 



TABLE II. — Number of Cases of Differences between 8 a.m. Temperatures 

AND Minimum and Maximum respectively. 





1873. 


1879. 


1880. 


1881. 


z888. 


Strong Winds. 


Amount 
ofDif. 






































ference. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


O** 


8 


I 


9 


2 


4 





9 





19 


8 


I 


ID 


I 


14 


• • • 


20 


7 


13 


I 


9 


2 


21 


II 


18 


27 


2 


13 


6 


15 


4 


II 


3 


13 


4 


16 


9 


19 


21 


3 


7 


12 


14 


4 


12 


2 


5 


4 


8 


9 


20 


10 


4 


10 


7 


3 


8 


6 


5 


5 


5 


3 


ID 


14 


16 


5 


7 


10 


4 


II 


I 


4 


6 


5 


I 


7 


7 


5 


6 


4 


7 


3 


5 


3 


9 


3 


2 


2 


3 


3 


3 


7 


5 


6 


5 


9 


a • • 


2 


2 


I 


I 


5 


3 


2 


8 


I 


7 


2 


II 


I 


3 


• • • 


7 


I 


4 


3 


I 


9 


• « • 


2 


2 


3 


2 


3 


I 


2 




• • • 


3 


• • « 


lO 


2 


3 


I 


2 


> • • 


4 


2 


3 




3 




• • • 


11 


• • • 


5 


I 


3 


I 


5 


I 


2 




I 




I 


12 


3 


I 


2 


5 


I 


• • • 


I 


5 




I 


2 


• • • 


13 


I 


2 




I 


• • a 


I 


» • • 


I 






• • • 


• • • 


14 




I 




I 


• • 




3 




I 








• • • 


15 




3 




2 


.• 




I 




I 






• • B 


• • • 


i6 




• • • 




• • • 


• • 




I 




I 






• ■ • 


• • • 


17 




• • • 




I 


• • 




I 




• • • 






• • • 


• • • 


i8 




I 






• • 




I 




I 






■ • • 


• ■ • 


19 




I 






• • ) 




I 




I 






• • • 


«• • 


20 








2 


■ • 1 




• • ■ 




2 






• • • 


• • • 


21 










• • « 




> • • 




I 






• • • 


« • • 


22 










• • t 




I 




2 






• • • 


• • • 


23 








I 


• • « 




I 




• • « 






• « • 


• • • 


24 










• • • 




2 




• • • 






• • • 


• • • 


26 










■ • • 




• • • 




• • • 






• • • 


• • • 


, 








• • • 


I 




• ■ ■ 






• • « 


• • • 



The close approximation between the 8 a.m. fog temperature and 
the minimum of the preceding day is to be expected, as in winter the 
temperature at 8 a.m. has hardly begun to show the effects of diurnal 
range, by recovering from the minimum of the night. The fact that the 
maximum of the day shows an increase on the 8 a.m. fog temperature, 
indicates clearly that the sun*s heat makes itself felt, and that anti- 
cyclonic fogs do not, as a rule, obliterate diurnal range. 

Another interesting contrast between the anticyclonic fogs and those 
reported with strong winds is given by the difference in the actual 
temperature which accompanies them. 

Taking the average of all the reports of fogs under review, we find 
that the 8 a.m. temperature was: — In 1873, 35°-7 ; 1879, 30°-0; 1880, 
3r-8; 1881, 20°-8; 1888, 37'-8. 

In effecting a comparison with the strong wind fogs those instances 
alone have been extracted which occurred in the three winter months, 
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TABLE III.— Cyclonic,' 8 a.m. 
January and February 1881. 



g Date. 

• 








Weather 
reported 
at time. 


Wind. 


Temperatures. 


Rain. 


Station. 


Minimum 
recorded 
at time. 


At time of 
observation. 


Maximum 

recorded 

next morning. 


Recorded 

at time of 

observation. 


Recorded 
next morning. 

















in. 


in. 


12 


Ardros.san . 


cf 


ENEi 


24 


27 


33 


•09 


•09 




Yarmouth . 






fg 


WSWi 


25 


30 


32 


•22 


•22 


i8 


Ardrossan . 






cf 


Es 


15 


29 


33 




• • • 


26 


Leith 






f 


Wi 


II 


17 


33 




•02 




Spurn Head 
York . 






f 


NW3 


13 


22 


35 




•01 








f 


z 


13 


15 


33 


• • • 


.08 




Ardrossan . 






f 


El 


26 


27 


31 


• • • 


•02 




Barrow 






f 


E4 


15 


16 


32 




•09 




London 






ofg 


Z 


17 


20 


38 




•'1 




Oxford 






of 


NEi 


18 


18 


36 




.16 




Cambridge . 






f 


Z 


13 


14 


35 




•01 


27 


Spurn Head 






f 


SSE4 


21 


33 


35 


•01 


•04 




York . 






f 


z 


15 


33 


35 


•08 


•05 




Nottingham 






of 


z 


17 


32 


3g 


K)8 


.04 




Ardrossan . 






of 


NE< 


25 


25 


38 


•02 


•08 




Pembroke . 






f 


SSE3 


26 


43 


45 


•05 


•10 




Prawle Point 






f 


SSE3 


33 


45 


• 47 


•17 


•10 




Hurst Castle 






fd 


S, 


26 


43 


43 


•21 


•13 




Oxford 






of 


z 


18 


36 


41 


•16 


.04 


28 


Leith . 






f 


z 


26 


33 


37 


•03 


• • • 




Shields 






f 


SSWi 


30 


35 


38 


• « • 


• • • 




Spurn Head 






f 


z 


32 


34 


37 


•04 


.02 




York . 






f 


z 


33 


33 


37 


•05 


•02 




Nottingham 






of 


z 


32 


34 


41 


•04 


•05 




Ardrossan . 






rf 


NEj 


25 


37 


41 


•08 


•03 




Donaghadee 






f* 


S2 


40 


41 


45 


•12 


• 10 




Barrow 






f 


NEa 


30 


38 


39 


•09 


•02 




Pembroke . 






f 


ESE, 


39 


42 


46 


•10 


•'1 




Dover 






of 


NE3 


36 


39 


43 


<& 


•08 




London 






rfg 


NWi 


36 


37 


44 


•10 


•08 




Oxford 






f 


Ni 


36 


36 


42 


.04 


• II 




Yarmouth . 






f 


ENEi 


33 


36 


39 


•12 


•07 


29 


Spurn Head 






f 


SSE3 


33 


35 


39 


•02 


•01 




York 






f 


SSEi 


33 


37 


38 


•02 


•07 




Nottingham 






of 


Z 


34 


40 


43 


•05 


•08 




Liverpool . 






f 


ESE2 


33 


39 


42 


•05 


• • • 




Oxford 






of 


Z 


33 


41 


47 


•II 


•23 


30 


Aberdeen . 






f 


z 


25 


36 


40 


•19 


•13 


*^ 


Spurn Head 






fd 


SSWj 


34 


36 


41 


•01 


•01 




Nottingham 






cf 


SSWi 


37 


39 


46 


.08 


S 




Barrow 






f 


ESE4 


31 


35 


47 


•12 




Oxford 






of 


S3 


40 


40 


47 


•23 


•04 


Feb. 




















^ 


3 


Roche's Point 






f 


S4 


46 


47 


50 


•32 


.56 


»^ 


Pembroke . 






f 


S4 


46 


47 


47 


•24 


•29 




Prawle Point 






f 


S4 


46 


48 


50 


•04 


• 18 




Yarmouth . 






f 


Ss 


34 


40 


44 


•23 


•01 




York . 






f 


SSEi 


30 


42 


49 


•24 


•15 


4 


Holyhead . 






f 


SSEa 


46 


46 


47 


•37 


.04 




Pembroke . 






f 


SSWs 


45 


45 


46 


•29 


•05 
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December, January, and February, of these there are 34, and their 
average temperature was 48° '6. 

These figures show clearly that the anticyclonic fogs are cold fogs, 
while the strong wind fogs are essentially warm fogs. 

As regards the relation of fogs to rain, it will be seen in the paper 
already quoted, and which was read in 1893, that out of 135 reports of 
fog accompanied by strong winds, 78, or more than half, "were either 
accompanied with, or followed immediately by rain, sometimes heavy 
rain, and in 18 cases the fall exceeded half an inch/' 

In the anticyclonic fogs under review in the present paper, the 
precipitation is scarcely ever measurable, unless the form of Uie isobars 
betrays some irregularity in the distribution of pressure, indicating a 
local tendency to assume cyclonic conditions. The precipitation, if 
measurable at all, amounts to only one or two hundredths of an inch, 
and would therefore usually be the result of dew. 

The stations, moreover, are not by any means exclusively town 
stations, so that the dryness of the fog is not mainly due to impurity 
of the air due to smoke in large towns. It is, however, remarkable that 
in the fog of 1888, the warm anticyclone, the measurements of pre- 
cipitation were much more frequent than in the other cases. 

In the fog of 1881 there was an appreciable number of instances of 
fog reported when the distribution of pressure was cyclonic, and these 
have been examined on the same principles as have been applied to the 
anticyclonic fogs. The instances are given in Table III. 

The average temperature at 8 a.m. given by the individual records 
was 34°'5, and was therefore 13°'7 higher than that of the purely 
anticyclonic fogs extracted from the same fog interval. The relation of 
the fog temperature to the minimum and maximum respectively, in the 
same sense as has been taken above, is as follows : — 







TABTiE IV. 






Amount of 
Range. 


Minimum. 


Maximum. 


Amount of 
Range. 


Minimum. 


Mazimnm. 


0° 


7 


2 


II' 


I 


• • • 


I 


7 


5 


12 


4 


I 


2 


7 


5 


13 


• • • 


2 


3 


5 


6 


14 


I 


« • • 


4 


2 


II 


15 


I 


• • • 


5 


2 


2 


i6 


• • • 


2 


6 


4 


3 


17 


2 


• • • 


7 


I 


6 


i8 


2 


3 


8 


2 


• • • 


19 


• B • 


• • • 


9 


I 


• • • 


20 


• • • 


• • • 


lO 


• •• 


• • • 


21 


• • • 


I 



49 



49 



These figures do not show the contrasts between the two columns at 
all so clearly as the similar figures in the previous table. 

It is, however, in regard of precipitation that these cyclonic fogs 
distinguish themselves from the others. Out of the 49 stations reporting 
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these fogs two only were rainless on both days, and in 37 cases rain fell 
on both days, in 20 of these cases exceeding 01 inch on one or other of 
the days. These cyclonic fogs were therefore essentially wet fogs. 

We now come to the consideration of the anticyclonic fogs recorded 
at 6 p.m. For 1873 these reports were not available, for the Daily 
fVealher Jieports of that date gave no 6 p.m. observations. 

TABLE v.— Anticyclones, 6 p.m. 
Decbuber 1879. 









Waih=r 


Wind. 


Tc 


„,p.,.n, 


.. 


.... j 


Station. 


■pl 


•3g 


B^.i 


■8 "3. 


11 










1 - 


^1 


^- s 


i£a. 


l-J 


Dec 














in. 








fs 


ENE, 


it 


33 


37 


-09 




6 








ESE, 


23 


J7 


3^ 








OnTotd 






Z 




II 


38 














N, 


13 


34 






7 








Z 


"5 


29 


35 






S 


Oxford . 






Z 




30 


39 








Roche's Point 






N, 


31 


34 


39 






9 


Roche's Poinl 






N, 


32 


39 


42 








Kingstown'. 






Z 


32 




43 








London . 






W, 


19 


24 


34 








Leith . 






z 


25 


34 


45 








London . 






z 


32 


33 










Yumouth . 






NW, 


30 


36 


36 


■03 




'4 


Yannoolh . 






WSWi 


31 


35 


37 






15 


Spiim Head 






w, 


36 


40 


41 














z 


32 


39 


:i 








Oxford 






z 


35 


38 








Yarmouth . 






z 


30 


37 


38 






16 


Shields . 






sw, 


32 


37 


40 








York . 






s. 


30 


34 


40 








London . 






7. 


23 


29 


35 






'7 


York . 






ESE, 


29 


35 


37 








Hur>t CasUe 






n£^ 


2S 


29 


35 








London . 






E, 




29 


34 








Cambridge. 
Yarmoulfi . 






Z 


23 


28 


32 












WNW, 




3> 


37 






IS 


Holyhead . 






ENEa 


31 


37 


4> 














E, 


32 


36 


38 








L.ondon 






ssw. 


25 


30 


40 






32 


London 






Z 


z§ 


3' 


44 






23 


Hurst Castle 






E. 


27 


36 


42 








Dover 






z 


29 


33 


38 














.sw. 


23 


3' 


37 








Cambridge. 






■s, 


33 


32 


35 






Yarmouth . 






SWj 


27 


30 


33 






January amd Febb 


art! 


SO. 


, 1 


Jan. 
27 


London . 




z 


16 


„ 


34 














WNW, 


16 


23 


40 








Hurst astk 






7. 


23 


27 


39 






28 


Hurst Castle 






E, 


26 


30 


33 








London 






Z 


19 


24 


16 








Yanoouth . 




bf 


Z 


17 


27 


28 
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TABLE V. — Anticyclones, 6 T.u.—CoTUinued. 
January and February 1880. 



4 








Weather 
reported 


Wind. 


Temperatures. 


Rain. 


Station. 


E-r, . 

25 e 


•si 

v'S 


2 J 6 


l-if 


l! 

Pin 

V 

e 


Q 
Jan. 




at time. 




ST B 


.ig 


•§1i 

















in. 




' 29 


Hurst Castle f 


ENEi 


29 


35 


40 


•05 


1 




London 




. 1 f 


SSEi 


18 


26 


39 


• • • 






Yarmouth . 




. 1 f 


SSWi 


22 


30 


34 


•02 


1 


30 


Roche's Point 








SSWa 


45 


45 


50 


.i8» 




31 


London 








Z 


27 


29 


55 


• • • 




Feb. 






















I 


London 








SSEi 


27 


34 


48 


• • • 




2 


ScUly . 








WSW4 


45 


50 


53 


•05 




3 


Scilly . 








SSWs 


45 


50 


51 


06 






Prawle Point 








SSWa 


43 


46 


48 


•II 






Dover 






f 


S2 


32 


36 


39 


• • • 






Oxford 






f 


Si 


39 


43 


44 


•08 






Yarmouth . 






f 


z 


31 


39 


42 


* • • 




4 


Spurn Head 








SW4 


34 


39 


44 


• • • 






Hurst Castle 








EN El 


33 


37 


39 


•01 




5 


Scilly . 








WNW4 


45 


48 


52 


•08 






Yarmouth . 






bcf 


SWi 


31 


39 


44 


•03 1 


* This was 

Jani 


probably cyclonic. 
7ARY 1881. 








Jan. 


















4 


Leith .... 




NW, 


27 


43 


46 


•01 






Ardrossan . 








Z 


29 


37 


50 


1 

• • • 






Liverpool . 








NNEj 


37 


41 


•45 


• • • 






Roche's Point . 




, 




NNW4 


40 


42 


46 


... 




5 


Stornoway . 








Z 


24 


32 


36 


• • • 






Leith . 








Wi 


26 


30 


35 


•01 






Ardrossan . 






bf 


NEa 


28 


35 


42 


• • • 




8 


Nairn 








Z 


20 


20 


25 


• • • 






Donaghadee 








SEi 


29 


38 


41 


• • • 






Ardrossan . 






c f 


ENE3 


25 


26 


29 


• • • 




9 


MuUaghmore 








ESEo 


24 


29 


33 


• • • 






Donaghadee 








Wa 


30 


32 


36 


• • • 




14 


Nottingham 








Z 


2 


18 


22 


« • • 




1 


Ardrossan . 






bf 


Ki 


18 


25 


31 


• • • 




' ^5 


MuUaghmore 








SWi 


23 


26 


37 


•02 






London 








WNWi 


II 


18 


26 


* m • 




I 17 


Shields 








Z 


10 


23 


26 


* • • 




1 " 

i 


York . 








Ni 


7 


9 


29 


• ■ • 




18 


Ardrossan . 






bf 


NEi 


18 


27 


33 


« • • 




20 


London 






bf 


\\\ 12 


17 


31 


• • • 




23 


Leith . 








Wi 


12 


25 


34 


• • • 






Parsonstown 








Z 


21 


33 


34 


08 




24 


Spurn Head 








SSW.^ 


14 


18 


25 


• • • 






York . 








Si 


17 


23 


27 


• • • 






Hurst Castle 








ENE3 


19 


26 


30 


• • • 






Oxford 








z 


16 


17 


23 


• • • 






Yarmouth . 






f 


SWo 


18 


28 


32 


• • • 




25 


Spurn Head 








•s," 


13 


23 


34 


• • ■ 




1 


York .... 




.SSWi 


13 


14 


18 


• • • 
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S"3 


W.. 




mpeiniu] 


^ 


Run. j 


1 .„... 


■III 


1 


ii! 


1 


''i 


JBIU 

9 ; DoMghadee . . 


f 


S, 


*3 


4S 


^ 


ij^i 






B«iow 






r 


wsw, 


38 


46 


46 


■03 












f 


ssw, 


43 


47 


48 








PembKikc . 






f 


ESE, 


40 


44 


46 








Sdlly. . 






f 


SE, 


45 


46 


so 


■03 






?iawle Foint 






f 


z 


41 


46 


49 








Huist Castle 






f 


z 


38 


42 


46 








Jersey . 






odfg 


NNE, 


43 


48 


49 








as:-: 






f 


w. 


36 


44 


47 


■01 










of 


Z 


34 


4S 


47 








Oxford 






f 


Z 


3* 


39 


46 








Shields 






f 


W, 


37 


44 


48 








York . 






f 


ESE, 


3" 


42 


% 








Donaghadee 




1 f 




42 


45 








Barrow 




f 


WNW, 


38 


43 


45 


■C3 






Liverpool , 
Prawle Point 




f 


38 


42 


47 














ESE, 


40 


44 


46 








Hursl Culle 








E. 


34 


40 


45 
















W, 


35 


40 


*' 














z 


3» 


36 


46 








Oxford 








z 


30 


34 


41 








Spurn Head 








NNE, 


35 


40 


41 








York . 








Z 


31 


35 


39 
















ENE, 


28 


30 


32 
















NE, 


3' 


38 


40 








Liverpool . 
HolySead . 








ESEi 
Z 


30 
35 


% 


39 
42 


kI; 






Prawle Point 






,E. 


37 


43 


44 








Jersey 






E, 


36 


39 


41 








Hurst Castle 






El 


31 


38 


43 








Dungeness . 






7. 


34 


36 


40 


■oa 










Z 


31 


35 


40 








Oxford ' 






Z 


30 


3* 


34 








Yonnouth , 






NNE, 


36 


38 


42 


-03 






Aberdeen , 






s^, 


28 


34 


37 








Shields 






*9 


33 


37 








Spurn Head 






SRE, 


3a 


34 


37 








York . . 






NNE, 


28 


31 


34 














SSW, 




31 


32 








Donaghadee 








SWj 


38 


4> 


42 








Barrow 








NF, 


3t 


35 


P 








Liverpool . 








SE, 


30 


36 








Prawle Point 








ENE, 


38 


42 


44 








Scilly 






llf 


E, 


43 


45 


45 








Jersey 








NEs 


34 


42 


43 








Hnrst Castle 








E, 


33 


35 


38 








Oxford 








Z 


3° 


33 


33 






13 


Wick . 








Z 


40 


44 


46 








Aberdeen . 








7. 


30 


37 


38 


■03 






Spam Head 








SW. 


3' 


33 


40 
















WNW, 


zS 


30 


35 










Ardrossan . 








Z 




4a 


43 










Malin Head 






cfd 


s. 




41 


44 










Pembroke . 








^ 


33 


34 


38 










Oxford 








sw, 


38 


31 


32 








•1^ 


Milin Head 






of 


z 


38 


41 


41 




_ 
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TABLE v.— Fogs with Strong Winds, 6 v.u.—CorUiniied, 



Date. 


■ 
Station. 


Weather 
reported 


1 

Wind. 


Temperatures. 


Rain. 


E-9 . 
9 S «2 


• 


v'S 


Maximiun 

recorded 

next morning. 


Recorded 

at time of 

observation. 

Recorded 
next morning. 






at time. 




Minim 

record 

1 at tin 




1876. 

















in. 




Feb. 28 


Scilly 


f 


SWe 


50 


52 


55 


16 




April 7 


Scilly 


f 


ESEe 


47 


49 


54 


• • • 




1877. 


















Feb. 8 


ScUly 


f 


We 


48 


52 


53 


•09 




Ai^. 27 
1878. 


Scilly 


f 


SW, 


58 


62 


64 


•15 




Feb. 15 


Hurst Castle 


fd 


SWe 


44 


47 


50 


•07 


1 


Nov. 24 


ScUly 


of 


SSW« 


46 


47 


54 


•13 




1879. 


















Jan. 7 


ScUly 
Pemoroke . 


f 


WNWg 


42 


50 


52 


.50 




Mar. 5 


f 


WNWg 


42 


45 


48 


.04 




June 19 


Scilly 


df 


SSWg 


54 


57 


59 


.22 




1880. 


















Jan. 5 


Scilly 


fd 


SSWj 


47 


51 


52 


•10 




Feb. 29 


Scilly 


f 


SWe 


50 


49 


52 


04 




Mar. 4 


Pembroke . 


f 


WSWg 


45 


48 


48 


•02 




1881. 


















Feb. 13 


Scilly 


fd 


S7 


48 


50 


52 


.25 




Aug. 12 
1882. 


Scilly 


r f 


WSWg 


56 
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As in the case of these records, the maximum and minimum tem- 
peratures extracted belong to the same interval of 24 hours, we can 
extract the figures for range of temperature, and these show conclusively 
that these fogs do not obliterate diurnal range. The figures in the table 
indicate number of instances of occurrence of each degree of range. 



TABLE VI.- 


-Ranqb with 


Anticyclonic Fogs at 6 


P.M. 




Amoiint of 
Range. '^79. 

0** 


1880. 

• • • 


1881. 

• • • 


1888. 

■ • • 


Strong 
Winds. 

• • • 


I 
2 


• • • 

• • • 


• • • 

• • • 


• • • 

I 


2 
I 


3 


• • • 


• • • 


3 


3 


4 


• • • 


2 


6 


3 


5 2 


3 


2 


7 


12 


6 4 


2 


2 


12 


4 


7 I 


4 


I 


5 


5 


8 4 


I 


I 


7 


2 


9 3 


• • • 


2 


6 


2 


10 4 


I 


I 


• • • 


2 


II 3 


2 


2 


5 


3 


12 3 


I 


2 


I 


I 


13 


I 


2 


I 


• « 




14 I 


• • • 


2 


2 


• ■ 




15 4 


I 


2 


• « • 


• t 




16 I 

17 

18 


I 


I 


• • • 


9 * 




• • • 

I 


• • • 

• • • 


• • • 

• • • 


9 1 




19 I 


• • • 


2 


• • • 


• 




20 2 


• • • 


I 


• • • 


• 




21 I 


2 


2 


• • • 


• 




22 


• • • 


2 


• • • 


• 




23 


• • • 


• • • 


• • • 


• 




24 


I 


• • • 


• « • 






25 


• • • 


• • • 


• • • 


, 




26 I 


• ■ • 


• • • 


• • • 


. 




27 


• • • 


• • ■ 


• • • 






28 


I 


• • • 


• • • 







It will be seen from this table that the warm anticyclone of 1888 was 
the only one which was strikingly characterised by low figures for diurnal 
range. The other figures, especially those for 1881, show a much more 
uniform distribution of the ranges between 4° and say 20°. A few in- 
stances exceeded 20°, and one reached 28° in 1880. 

In the case of the fogs with strong winds, it can only be said that the 
range was less in general than with the anticyclonic fogs. 

As regards precipitation there is little calling for notice, for the rain 
entries are, with very few exceptions, the same as have been discussed 
before. 

Before concluding this report, it may, perhaps, be allowable to make 
a short digression, and compare the actual temperatures recorded in 
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London at the time of fog with the deaths from diseases of the respiratory 
organs, as shown by the reports of the Registrar -General. It is very 
generally thought that the death-rate increases with the intensity and 
duration of the fog, but the figures we have been dealing with do not 
confirm this idea. 

In the fog of 1873 (Dec. 3-15), the memorable Cattle-Show fog, there 
were 7 days of fog in London, the average ^temperature at 8 a.m. was 
30° '4, and the climax of the mortality was for the week ending December 
20th, with 1112 deaths from those diseases. 

In the fog of 1879 (Dec. 3-27) there were 13 days of fog in London, 
the average temperature at 8 a.m. was 28°*9, and the climax of the 
mortality was for the week ending December 20th, with 799 deaths 
from those diseases. 

In the fog of 1880 (Jan. 26 — Feb. 6) there were 8 days of fog in 
London. The average temperature at 8 a.m. was 26°'0. The climax of 
the mortality was for the week ending February 7th, with a total death- 
rate of 48*1 per thousand — a rate unequalled since the last cholera 
epidemic. There were no less than 1557 deaths from those diseases. 

In the fog of 1881 (Jan. 5 — ^Feb. 4) there were 6 days of fog in 
London. The average temperature at 8 a.m. was 18° '8, and the climax 
of the mortality was for the week ending January 29th, with 702 deaths 
from those diseases. 

Lastly, in the warm anticyclone of 1888 (Jan. 9-14) there were only 
4 days reported with fog in London. The average temperature of these 
was 33°*8, and the climax of the mortality was for the week ending 
January 21st, with 591 deaths from those diseases. 

If we summarise these figures we have for the London district for the 



us UIIUC 


ji review 

Number of 


Average 


Deaths from 


Excess above 
Average. 


Year. 


Days of Fog, 


Temperature 


Diseases of 




8 a.m. 


at 8 a.m. 


Respiratory Organs. 


1873 


7 


30"-4 


I I 12 


561 


1879 


13 


28°-9 


799 


288 


1880 


8 


26*'-o 


1557 


II18 


1881 


6 


i8°-8 


702 


249 


1888 


4 


33°-8 


591 


29 



The column for the death-rate is thus shown to be unconnected in 
any simple way with those for either the temperature or the duration of 
the fogs. 

The general outcome of the enquiry has been to show that there are 
at least two distinct classes of phenomena described under the generic 
name of fog. 

In one of them no rainfall takes place, the temperature is low in 
the mornings, and there is a considerable rise of temperature during the 
day. 

In the others rainfall does take place, the temperature is high in the 
morning, frequently approaching, or even equalling, the maximum for the 
day. These wet fogs frequently set in when an anticyclone is breaking 
up, even temporarily. 
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There is also, from the experience of five well-marked fogs in London, 
no direct relation traceable between the actual temperature and the 
death-rate. 

No strictly sea fogs have been investigated, as the number of stations 
available for the purpose would not suffice. They appear to be decidedly 
wet fogs, from all accounts we can gather, but more information respect- 
ing them is in every respect desirable. 

I cannot conclude this report without stating that I have received 
very great assistance from Mr. F. Gaster in its compilation. 



[The subjoined extract from the American Meteorological Journal, vol. 
xii. No. 9, January 1896, appears to be sufficiently interesting for 
insertion. — Ed. ] 

Extract from a Paper on " Atmospheric Phenomena in the Arctic Regions 
in their relation to Dust." By Prot Wm. H. Brewer. 

None of the fogs are so white and opaque as those seen south of lat. 50**. 
There is much exaggeration in the popular descriptions of fogs. We often hear 
of fogs at sea where nothing can be seen a hundred feet away. In fact such 
fogs are rare on either sea or land. Indeed, it is rare that fogs are so opaque 
that large dark objects cannot be seen two hundred feet 

I saw none in the Qreenland seas in which we could not see several hundred 
feet, and usually very much farther. The fogs were all very much more 
transparent than those we met with south of New England and Nova Scotia on 
our voyage out and back. 

The fogs were, however, as a rule, very much wetter and more misty. 
Often, when the fog was so transparent that we could see a half a mile or even 
a mile from the ship, the water would drip like rain from the rigging and every 
exposed surface, and our beards and clothes be rapidly covered with fine drops. 

Even those surface fogs resting on the water under a clear sky, which shut 
out the horizon, but with the sun shining through from above, were very wet 
The ship's rigging and even our beards would drip. On our return, and when 
in the dense, opaque fogs we met with south of New England, I noticed the 
marked contrast in their wetness, so to speak, where at times we could not see 
a ship's length, but the air did not appear as if entirely saturated. The decks 
of ship would dry after scrubbing, and other exposed objects would dry even in 
the fog. The dust particles in the air over these southern waters were ample to 
collect all the moisture, while in the Qreenland fogs condensation went on as if 
there was not nearly dust enough in the air to supply the demand. 



DISCUSSION. 

Mr. F. Qastbr said that it had been suggested by some of the Fellows that 
the prevalence of fog at 8 a.m. only had been considered in Mr. Scott's paper, 
and that it frequently happened that a fog in the morning cleared away during 
the day, so that in such instances the diurnal range of temperature was con- 
siderably greater than it would have been had the fog continued throughout the 
day. This circumstance, however, probably had less influence upon the results 
arrived at in the paper than might appear at first sight, as all the fog observar 
tions utilised were made in mid- winter, when the effect of the sun in causing 
diurnal range of temperature was very slight, and the occasions selected were 
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those when the fog was not intermittent but continuous. It would have been 
better, undoubtedly, to have taken only those fogs which prevailed during the 
whole day, but such information was not available. It was, however, perfectly 
clear to all who had had any experience of fogs, that they were of two classes — 
wet and dry — and the figures given in the paper showed that the temperature 
of the air at 8 a.m. was about 10^ higher during the prevalence of wet fogi 
than it was during dry fogs. The dry (or anticyclonic) fogs were generally 
accompanied with intense cold and a calm air in the morning — the springing 
up of any breeze immediately causing the fog to dissipate. The air was dry, 
and there was little sensation of dampness, although grass, fences, etc, were 
often coated with hoar frost, due to frozen dew ; but the pavements and roads 
were dry, and water was not deposited on clothing. These fogs were specially 
powerful in affecting weak chests, and causing great irritation of the mucous 
membranes. The wet (or cyclonic) fogs occurred with high temperature, often 
with strong winds, and while they did not irritate the throat or eyes, they felt 
wet, and usually produced severe colds, without, however, giving rise to 
bronchial attacks. He considered that incomplete as the information was upon 
which the results given in the paper were based, it had been used to the best 
advantage, and the conclusions arrived at formed an important addition to our 
knowledge of fogs. It was evident that hitherto very little had been known 
concerning fog, for in Mr. Abercromby's book Weather^ fog or haze was never 
once mentioned in the index, nor referred to at any length in the body of the 
work. 

The Hon. F. A. R. Russell said that living as he did at an elevation of 630 
feet above sea-level, he had many opportunities of observing wet or cyclonic iog^ 
but that in that situation dense anticyclonic fogs were rare. He had no doubt 
that these two manifestations of fog were quite distinct, and appeared in different 
conditions. He had made no special observations on the fog of 1873, although 
he was in it at the Cattle-Show, but the fog of 1880 he observed very closely, 
and it was by far the most intense he had ever known in London. Objeds 
became invisible at 4^ yards distance ; a fog was usually considered dense when 
objects at 30 to 40 yards were obscured. The paper just read showed the 
desirability of regular observations on the density or intensity of London fogs ; 
otherwise these are hardly comparable with one another. The fog of 1880 
affected the mortality much more heavily than any of the others, more than 
doubly as much as the next in order, that of 1873. The fog of 1888 was the 
least fatal, the death-rate showing hardly any increase, and in 1881 the death- 
rate was but slightly affected. He thought there was evidence to prove that a 
dense fog was much more fatal if acting simultaneously with a very low 
temperature, and especially that mortality increased greatly beyond a certain 
degree of intensity of a dense fog. It is only in large smoky towns that any 
appreciable increase of illness and mortality has been noted. Country fogs are 
harmless. Dr. Russell, the medical officer for Glasgow, has stated in a recent 
work that during a fog in 1874-5 the death-rate rose to 67 per 1000, and that 
in this case the fog was more remarkable for density than the frost for intensity. 
The present paper indicated several points of interest in connection with the 
influence of London fogs on health, which deserved investigation. 

Mr. R. H. Curtis said he gathered that the principal object of the paper 
was to show that fog did not annul the diurnal range of temperature, but in tiiis 
he thought it failed. The method adopted for the investigation was not only 
imsafe, but it was really very misleading. If an observation of fog was reported 
at 8 a.m. the assumption was made that the fog had prevailed sufficiently long 
as to embrace the preceding minimum — which might have occurred at any time 
in the previous 24 hours, and that it continued long enough to cover the 
succeeding maximum, which similarly might not be reached till the close 
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of the following 24 hours. Such an assumption was evidently quite un- 
warranted. It was stated in the paper that the selected periods dealt with were 
all ^ well-marked instances of protracted and general fogs," and if this were 
really the case it might perhaps afford some degree of justification for the 
method adopted. But in order to test the statement he had examined for each 
of the periods the records kept at the Kew Observatory, in which the weather is 
recorded five or six times between 10 a. m. and 10 p.m. each day, and in which 
also is entered the weather between the times of observation, so that it forms a 
fairly continuous weather record. The result of the examination showed that with 
possibly one exception, that of 1888, none of the periods could justly be called 
" foggy " at Richmond. In one period to which special attention was called — 
that of 1873 — there was but one foggy day, whilst such notes as " bright and 
clear overhead," and " fair above," are frequent The fact probably was that in 
London there was a great deal of smoke fog, a phenomenon which frequently 
coexisted with fine bright weather just outside the town limits, and which is 
due to an entirely different cause to the white (water) fogs, which alone are 
experienced in rural and coast districts. It was unfortunate that the paper did 
not deal with selected stations, for which continuous weather records could be 
obtained, and with the temperature records for the periods during which it was 
certain that the fog continued. 

Mr. W. H. Dines said that he thought the plan adopted of finding the 
range of temperature was the best of which the information obtainable admitted. 
Of course there were exceptions, but the minimum temperature mostly occurred 
at night, a few hours before the 9 a.m. fog observation, and the maximum for 
the succeeding 24 hours about midday, a few hours after 9 a.m. He could not 
agree with Mr. Gaster as to there being two distinct kinds of fogs ; the irritating 
effect of some fogs being, in his opinion, simply due to the smoke of a large 
city. Where he lived in the country, 17 miles from London, a fog irritating to 
the throat or eyes was an absolutely unknown phenomenon. Also he thought 
that wetness, apart from actual rain, was only a question of degree, and not a 
fundamental difference. He believed that if a fog lasted for more than two or 
three hours it invariably wetted the trees to some extent, if the temperature 
were above 32°, or deposited some hoar frost on them if the temperature were 
below 32°. 

Dr. R Barnes said it was impossible to estimate the effect of fogs upon 
mortality until a month or more had elapsed. Disease might be started or 
aggravated during the fogs, but the fatal issue might not come for several weeks. 
It was usual to dwell upon the smoke caught in the London fog as the active 
noxious element. But this is not the only agent The fog and the attendant 
atmospheric conditions entailed other ills. The diffusion of gases, a great factor 
in aerial purification, was greatly impeded or arrested. When a Medical Officer 
of Health he had made many observations upon this subject For example, 
inspecting gas factories he found that in foggy weather the gases escaping from 
the works were held in a concentrated form in and near the works. And in 
London there were many other sources of contamination in foul emanations 
from the ground, sewers, manufactories of various kinds. These were held in 
suspension near the surface of the earth in a concentrated form, and thus con- 
tributed greatly to the injurious action of the air we breathed. In clear bright 
air, even apart from wind, the law of diffusion of gases acted freely in dispersing 
noxious emanations. 

Mr. H. SouTHALL said that the position of his house on the side of a hill 
frequently enabled him to observe the height to which the fog extended, and he 
recollected that the fog of 1873 attained a higher altitude than that of 1881, 
when a great deal of bright weather prevailed, and the fog did not extend higher 
than 400 feet above mean sea-level. As regarded temperature, in 1873 the 
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maxima were low, and the range of temperature certainly much less than in 
1881. Possibly the effect upon mortality was greater in 1873, because the fog 
occurred earlier in the season than in 1881. 

Mr. R C. Mobsman said that from his own experience on Ben Nevis 
he was sure that both wet and dry fogs were observed there, and it was no im- 
common thing to have a difference of a few tenths of a degree between the dry- 
and wet-bulb thermometers during fog. The number of dust particles, too, 
differed greatly in a ^dry and in a wet fog. Regarding the relation between 
temperature and mortality, he had found in working up the temperature of 
Edinburgh in relation to diseases of the respiratory system, that the greatest 
death-rate occurred not at the period of lowest temperature, but when the 
variations of temperature were greatest and the alternations between warm and 
cold weather were sudden. 

Mr. G. J. Symons said that if hourly observations of weather, as well as 
instrumental records, had been available, they would have been of great service 
for the purpose of Mr. Scott's inquiry into the conditions of weather accompany- 
ing fog. Regarding the composition of fogs he was certainly of opinion that dry 
fogs occurred in other places besides London and similar large towns. It would 
be a simple matter to ascertain to what extent fogs differed in their degree of 
saturation if the records from the Society's stations were examined, and the 
differences between the dry- and wet-bulb thermometers were extracted for all 
those occasions on which fog was reported at the time of observation. Recognis- 
ing the difficulty of the subject he would rather give no definition, but if pressed 
he should consid.er " dry '' fog and ^' haze " as one and the same thing, both 
being the result of anticyclonic conditions, the former occurring in the winter 
season and the latter in the summer. The term " mist,'' he thought, well ex- 
pressed what a ** wet " fog was. The damp and unpleasant condition of London 
pavements, to which reference had been made, was often due to the paving- 
stones being colder than the superincumbent air and the consequent condensation 
of moisture upon them, llie measurement of the density of fog was not an 
easy matter, as the visibility of objects depended so much on the amount of 
illumination they received, and not upon the intensity of the fog itseH Con- 
cerning London fogs he was inclined to think that they were rather more dirty 
in modem times than they were years ago, but possibly this opinion was largely 
due to the fact that the progress of years made him more sensitive of the dis- 
comforts occasioned by London fog. 

Mr. H. S. Wallis inquired what caused the obscuration in a dry fog when 
it was not the result of the smoke of large towns. 

Mr. R H. Scott, in reply, said that at Kew Observatory attempts had been 
made to measure the intensity of fog by means of a frame with four panels 
tinted in regular gradations, but it was found that the whole frame was either 
visible or invisible. The fact that the observer knew that there were four panels 
to be looked for biased his judgment as to actually seeing them. It was now the 
practice to enter the visibility of a series of objects at known distances from the 
observatory, extending from a few feet to three or four miles, but here the 
illumination was much affected by the sun's azimuth. Thus Mortlake church 
was in shadow in the morning, but the sun shone on it in the afternoon, so that 
under the same conditions of fog it would be more visible in the afternoon. Mr. 
Scott was disposed to think that several of the fogs Mr. Russell reported at Hind 
Head were cloud caps, or driving clouds. The fog of 1888 was very general, 
and the Malvern photograph which had been mentioned, showed that the top of 
the Worcestershire Beacon was not much above the surface of the fog, the latter 
was therefore extended to a great height As to the irritation of the respiratory 
organs caused by London fog, that was of course due to the fact that these fogs 
usually occuri-ed when there was no wind to remove smoke. Mr. Russell's 
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remark as to the enormous mortality at Glasgow during fog was probably due 
to the number of chemical factories there. In answer to Dr. Barnes, Mr. Scott 
said that the figures he had quoted represented the highest mortality in any 
individual week duiing the fog period, usually at the close of that period. Re- 
garding Mr. Syraons's suggestion that hygrometrical observations should be taken 
during fog, Mr. Scott considered that it would be very interesting, but difficult, 
as the wet-bulb would be often close to the freezing-point. It had been occa- 
sionally noticed on balloon ascents that on passing through a cloud the aii' was 
not saturated. The cause of obscuration in fogs was, of course, the presence of 
water globules, and in the case of town fogs, according to Dr. Frankland, these 
globules were coated with some matter of an oily nature, resulting from fires, 
which prevented any evaporation taking place, and so, perhaps, prevented any 
sensation of dampness. It was a known principle in chemical manufactories that 
a liquid could be kept from rapid evaporation by a film of oil on its surface. 



Analysis of Greenwich Barometrical Observations from 1879 
to 1890, with special reference to the declination of the 
Sun and Moon. 

By Major H. E. RAWSON, R.E., F.R.Met.Soc. 
[Read December 18, 1895. J 

In the course of some investigations into the movements of the centres 
of anticyclones in the Northern Hemisphere, I was led to examine the 
Greenwich Meteorological Observations for the last twelve years then avail- 
able to the public, 1879 to 1890. The object in view was to obtain the 
relative mean barometrical pressure for each period of the year when the 
Sun and Moon, separately and combined, conjointly and opposed, are 
north and south of our equator, that is, have north or south declination. 
The results are interesting, and as the matter does not appear to have 
engaged the attention of the Society in this form before, I venture to 
bring my conclusions to the notice of the Fellows. 

Mean Heioht of Babometer, Greenwich, 1879. 
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RAWSON— LUNAR DECLINATION AND BAROMETER 



III the Greenunch Observations the height of the barometer for each day 
is obtained by taking the mean of 24 hourly values, all readings being 
corrected and reduced to 32°. From the Nautical Almanac are ascertained 
the dates when the Sun and Moon cross the equator. One example (p. 65) 
will show the steps by which the final summary given below is arrived at 

Thus in 1879 the mean height of the barometer for all the periods 
when the declination of the Moon was north was 29*7898 in., and when 
south 29*7545 in. The height of the barometer on the days when the 
Moon was on the equator is not included. 

Similarly, the mean height of the barometer for the period when 
the declination of the Sun was north W4is 29*667 in., and when south 
29*875 in. 

The year 1879 is only given because of its being the first of the series, 
and wo shall see later on that it was an exceptional year as regards the 
relative mean heights of the barometer during the limar periods. 

Proceeding in the same way for the rest of the series, we get the 
results shown in the siunmary. The years are arranged not in ordinary 
sequence, but in such order as will bring out most clearly the relative 
mean height of the barometer when the declination of the Moon is north 
and when it is south, for this is one of the special points I wish to bring 
out. Thus in 1890 the mean barometrical pressure, when the declination 
of the Moon was north, exceeded that when its declination was south by 
0*151 in. daily : in 1879 it exceeded it by 0*0353 in. But these were 
the only two years out of the twelve when the mean height of the 
Imrometer was greater with the Moon north of the equator than with the 
Moon south. In 1882, the last year in the table, the mean height with 
the Moon south exceeded hy -/^th in. daily the mean height with the 
Moon north of the equator. 



Summary of Gueenwich Barometrical Observations, 1879 to 1890, with 
Special Reference to Declination of the Sun and Moon. 



Year . 

Moon North Declination. 

South 

in Equator 



Days. 






i> 



»» 



>> 



Mean Height of Barometer : 

(i) Moon North Declination. Inches. 
(2) ,, South 



»» 



Excess of Pressure : 

(i) Moon North Declination. 
(2) „ South „ 

Annual Mean Barometer 



>> 



>» 



i« 



Mean I leight of Barometer ; 

(i) Sun North Declination. Inches. 

(2) „ South ,, 

(3) Sun S. Dec, Moon N. Dec 

(4) „ N. „ „ N. 

(6) ,, N S. 



>> 






1890 

185 

154 
26 



298587 
29.7077 



0-I5I0 

■ • • 

29.790 

I 

29745 

29-835 
29-890 

I 29826 

29.772 

29-642 



1879 


1884 


1 881 , 


184 


160 


178 


155 


179 


160 


26 


27 


27 


297898 


1 

; 1 
29-8136 29.7874 


297545 


29-8171 


297992 



00353 

• a • 

29-771 



29.667 
29.875 
29.926 
29-652 

29-835 
29-673 



0-00351 OOII8 

29813 ! 29.778 



29-797 
29.829 

29-823 

29-803 

29-846 

29-791 



29-773 
29-783 
29.780 

29-794 
29.796 
29-802 



1889 
179 

159 
27 



29.7942 
29*8094 



00152 
29.791 



29-773 
29.809 

29.878 

29.7x0 

29.844 

29.774 



1883 

157 
182 

26 



29-7682 
29-8113 



00431 
29783 



29.799 

29.767 
29.725 
29.811 
29885 
29737 
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Year 

Moon North Declination Days. 

,, South 

,, in Equator ,, 


1885 
158 
180 

27 


1886 
158 
181 
26 


1880 

178 

161 

27 


1888 

177 
162 

27 


1887 

173 
166 

27 


1882 

174 
164 

27 


Mean Height of Barometer : 














(i) Moon North Declination. Inches. 
(2) ,, South ,, ,, 


297362 
29.7794 


29-6998 
29-7521 


29.7951 
298533 


29-7370 
298090 


297956 
29-8802 


29.7123 
29.8126 


Excess of Pressure : 












(2) ,, South ,, 
Annual Mean Barometer. 


• • • 

0-0432 
29-753 


0-0523 
29-734 


0-0582 0-0720 
29-809 29.777 


• • • 

0.0846 
29.840 


0-1003 
29-757 


Mean Height of Barometer : 












(i) Sun North Declination. Inches. 

(2) „ South 

(3) Sun S. Dec, Moon N. Dec. , , 

(4) >> N. ,, ,, N. „ ,, 

(5^ »» '^' >' »» '*• '* »' 
(6) ,, N. ,, ,, S. ,, ,, 


29762 

29-744 
29.719 

29-753 
29.767 

29-791 


29-766 
29-702 
29-607 
29-791 

29-753 
29.751 


29-755 
29.863 

29-814 

29.660 

29.938 

29.768 


29-755 
29-799 

29-725 

29-749 

29833 
29.785 


29-844 
29-836 

29-778 
29-812 
29-862 
29-898 


29-743 
29.771 

29-709 

29715 

29-841 

29-783 



Besides showing the mean height of the barometer when Sun and 
Moon are separately north or south of the equator, the table also gives 
the mean height for periods when Sun and Moon are both north or both 
south, and when one is north and the other south. The following are 
the principal results obtained from examining these twelve years : — 

1. When the Moon is south of the equator, the mean height of the 
barometer is higher than when it is north, in 10 years out of the 12. 

2. When the Sun is south of the equator, the mean height of the 
barometer is higher than when it is north, in 8 years out of the 1 2. 

3. Taking the declination of both Sun and Moon conjointly into 
consideration : 

(a) Moon North — the mean height of the barometer is higher when 

Sun is north than when it is south, in 7 years out of the 1 2. 

(b) Moon South — the mean height of the barometer is higher when 

Sun is south than when it is north, in 9 years out of the 12. 

(c) Sun North — the mean height of the barometer is higher when 

Moon is south than when it is north, in 8 years out of the 1 2. 

(d) Sun South — the mean height of the barometer is higher when 

Moon is south than when it is north, in 9 years out of the 12. 

(e) Moon South and Sun South — the mean height of the barometer is 

higher when Moon and Sun are both south than when they are 

both north, in 10 years out of the 12. 
The two years referred to in (1) are 1890 and 1879 (eleven years' 
interval), and are remarkable as the only two years in the series in which 
the orbital movements of the Moon closely resemble one another. If 
the curves representing the Moon's motion relative to the equator are 
plotted they will be found very much alike, the Moon crossing the equator 
on the same day, almost universally, during each year. That is, the 
relative movements of the earth round the Sun, and of the Moon round 
the earth, are the same for these two years, the interval between which, 
as will be noticed, is eleven years. The years 1884 and 1881 somewhat 
resemble one another in the same respect, and they stand next to one 
another in the series. The year 1887 differs the most widely of all the 
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series from 1890 and 1879, and stands at the opposite end of the series 
from them. The two years referred to in 3 {e) are 1890 and 1886. 

Buchan, by his isobarometric charts of the mean pressure of the globe 
for January and July, has made us familiar with the great alterations in 
the distribution of the two belts of high pressure encircling the globe north 
and south of the equator, which the Sun causes by the barometric and 
thermometric changes it sets in motion. We would naturally turn to this 
explanation for the results in the Table, but it will not suffice. The 
number of days in each year when the declination of the Sun and Moon is 
south simultaneously differs too slightly from the number of days when the 
declination of each is north simultaneously to account for such consistent 
results as those which appear in the Table. 

It would seem that we have something still to learn from a more 
careful analysis of barometrical observations specially referred to the 
declination of the Moon, such as are recorded in the Meteorological 
Observations made at Batavia. If the results obtained in this paper are 
carried into investigations of rainfall and movements of anticyclones, they 
are found to have an interest which warrant their being brought to the 
notice of the Society. 



DISCUSSION. 

The President (Mr. R. Inwards) said that in perusing this paper the question 
naturally arose as to whether Greenwich was a suitable place for such an inquiry, 
and also whether twelve years was a sufficiently long period. The late Sir E. 
Sabine, in some remarks printed in Observations made at the Magnettcal and 
Meteorological Observatory at St. Helena, vol. i. 1840-3, had stated concerning the 
(question of the barometrical measurement of the lunar atmospheric tide : " We 
may conclude that, on the general average, the barometer at St. Helena stands four 
thousandths of an incli higher at the two periods in each day when the moon is 
distant six hours from the meridian." This of course was a very small amount. Sir 
E. Sabine further mentioned that the observations at St. Helena were subsequently 
made according to the lunar hours eight times in each lunar day. It did not 
appear, however, that the observations referred to had ever been published, so that 
it was impossible to ascertain whether they proved confirmatory or otherwise of 
the published figures for previous years. St. Helena was certainly a favourable 
place for such an investigation. Luke Howard believed in an eighteen years' 
cycle, and also imagined it possible that the moon would be found to radiate 
heat to the earth. The investigations of Lord Rosse had proved that some heat 
was reflected from the moon's surface, but the amount of it was extremely 
small. 

Mr. G. J. Symons said that Major Rawson deserved every credit for the hard 
work he had devoted to the preparation of this paper, the result of which was 
embodied in the summary given. He (Mr. Symons) thought that the figurifs 
put forward merited careful consideration, for the evidence they afforded of a 
regular movement in one direction could not be lightly set aside. Luke Howard 
had worked up three years' observations, and had found the difference between 
the barometric pressure with the moon in south declination, and that with the 
moon in north declination, amounted to -090 inch, being even more than Major 
Rawson had found. Mr. Symons had taken out the departure from the 
general mean of the various values given by Major Rawson and made them as 
under : — 
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Mr. C. Harding said that, while fully appreciating the labour involved in 
this investigation, Greenwich could not, he thought, be considered a suitable 
place for the purpose, as non-periodic changes, such as the passage of cyclones, 
exercised so large an influence upon the observations. Thinking that the values 
for 1879 might in some way be erroneous, he had referred to the Greenwich 
volume, and had carefully gone through the figures, and was pleased to testify, 
as evidence of the accuracy of Major Rawson's work, that he found them 
perfectly correct. He, however, pointed out that if the readings for February 
were excluded from the discussion, the mean barometer for 1879, when the 
declination of the Moon was south, would be in excess of that when the declina- 
tion was north, and this would leave the year 1890 as the only exception in 
this respect 

Mr. R. H. Scott remarked that Sir E. Sabine always said that it was of 
little use working at an investigation of lunar tides imless the observations were 
made within the Tropics, where the periodic changes were well marked. M. 
Qarrigou-Lagrange had published several papers on the same subjects as Major 
Rawson in the Annuaire de la SociM Md^ologiqae de France, 

Major H. E. Rawson, in reply, said that he had used his best endeavours 
to secure accuracy in his calculations, and felt assured of their accuracy, as he 
had checked the observations with curves he had plotted in order to verify the 
results. He had specially checked 1879 and 1890, as he did not want to have 
any exceptions among the twelve years. It was in the process of checking that 
he was struck with the similarity between the curves of the Moon's motion for 
the two years, and was interested to find evidence of an eleven years' cycle just 
now for all the curves, 1880 resembling 1891, 1881 resembling 1892, and so 
on. [Perhaps a warning is necessary here that the eleven years' interval cannot 
be pushed back to 1868, 1857, etc.] 



Moteorological Observations taken at Mojanga, Madagascar. 

By STRATTON C. KNOTT, F.R.Met.Soc., H.M. Vice-Consul. 

(Communicated by R. H. Scott, F.R.S.) 
[Read December 18, 1895.] 

Owing to the operations of the French in Madagascar the observations at 
Mojanga were temporarily discontinued from the end of 1894, and it has 
been thought to be of interest to print the results, as far as they go, in 
continuation of the paper previously laid before the Society. In the 
previous communication {Quarterly Journal^ vol. xxi. p. 21) the values 
were given for the two years, April 1892 — March 1894. The present 
paper carries the figures on for the succeeding nine months. The yearly 
values for 1892-3, 1893-4 are reprinted for the purposes of comparison. 

Pressure. — The highest pressure previously reported was not exceeded 
in the period now under review, but the barometer fell to 29*616 in. at 
5 p.m. on April 29, 1894 (with heavy rain, strong wind-force 7, and 
lightning), the lowest reading previously recorded being 29*689 in. on 
January 23, 1893, at 5 p.m. 



70 KNOTT— OBSERVATIONS TAKEN AT HOJANOA, MADAGASCAR 

Temperature. — The mean temperature values did not greatly vary from 
those previously given. The mean maxima, however, fell as low as 
83°-6 in June 1894, the previous lowest being 84°-5 in July 1893. In 
three of the months the extreme maximum fell below 90°, which happened 
only twice in the preceding two years, while in two months out of the 
nine the minimum exceeded 70". 

The coldest month was June, with a mean temperatiu-e of 74°'8, and 
the warmest November, with a mean of S2''"2, the previous extreme means 
being 74°-7 in July 1893 and 82'''9 in April 1892. 

Madialion. — The grass minimum thermometer was broken on September 
17th. The lowest temperature obaer\'ed with it, April to September, was 
53°'4 on June 29th. The highest observed maximum in sun (black bulii 
in vacuo) was 166°'8 on November 11th. 

Bain/all. — The only points to notice are that the rainfall in September 
1894 was higher than in cither of the preceding Septembers, namely 
0-59 in. on four days, as against 0-07 in. in 1892 and 0-32 in. in 1893; 
and that April also had a heavier fall thun usual, 8'45 in. as against 
2-43 in. in 1892 and 4 11 in. in 1893. Of the amount in 1894 4-69 in. 
fell in one day during a gale. 

Hy^romelrij. — The hygrometric values agreed closely with those of the 
preceding periods, but the greatest individual difference between the dry 
bulb and wet bulb was larger than had before been observed, reaching 
25°-9 at 11 a.m. on Novemlwr 8th. 

This paper has been drawn up by Mr. J, A. Curtis. 



Results of OBKEitvATioNS made at Mojanqa, Madaoabcah. 
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Experiment illitstratino the Formation of the Tornado Cloud. 
Bt W. H. dines, B.A., RRMetSoc. 
[Shown at tlio Meeting on November 20, 1895.} 
PLATE 1. 
I HAVE never seen either a tornado or a waterspout, hence I cannot 
say that the cloud which I hope to show you is like the real phei 
but I think you will agree with 
me in believing that it bears ' 

a striking resemblance to the 
photographs and illuatrationa 
which most of us have seen. 

The apparatus required is 
very simple ; I describe it in 
the hope that some of the 
Fellows may be able to experi- 
ment further upon the subject. 
Probably the sizes are im- 
material but here I have six 
pieces of common window 
glass, 2 feet by 1 foot 6 in., 
arranged in two sets of three 
each. The edges are smoothed, 
andtbethree sheets are fastened 

together by twine, so as to fonn a kind of folding screen. Tliey are p 
on a table in the position shown in Fig. 1. On the top a wooden par 
the requisite size is placed, with a round hole 7 in. in diameter, ir 




-- - /*!- — --; 

FW. 1. 
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centre. In the hole there is a ventilating fan, driven by hand, by a 
band and pulley wheel. A few feet of stove-pipe with a gas jet 
burning in it, will do as well as the fan. In the centre at the bottom d 
there is a shallow vessel containing water, heated by a spirit-lamp under- i 
neath, for the purpose of obtaining sufficient vapoiu* to form the funnel | 
cloud. On turning the fan an upward current of air is produced in the ' 
centre, and the cloud is formed. I 

In the following four particulars it is very similar to the actn.il 
phenomenon : — 

1. There is a distinct rotary motion round the centre, increasing in 
violence as the centre is approached. This can be seen by suspending a 
piece of cotton-wool by a thread, and gradually bringing it near the 
cloud. 

2. There is a strong up-draft. This also may be proved by the 
cotton-wool, but it is difficult to get the wool into the actual cloud on 
account of the centrifugal force; if however, it can be got in, it will 
probably be carried up and lodged in the fan. 

3. There is a great decrease of pressure in the centre. In the 
natural phenomena this is not apparent to the eye, but is proved to 
exist by the way in which the walls of a house are forced outwards in 
all directions, and most notably perhaps by the fact that bottles are 
often imcorked by the passage of a tornado. It is shown here by the 
hump raised on the water at the foot of the cloud. - 

All three of the above particulars are well shown by dissolving some 
soap in the water, and stirring it up so as to obtain a good supply of 
soap-suds on the surface. It is very apparent how the soap-bubbles are 
drawn in towards the cloud along a spiral path, there raised up in a kind 
of heap, carried up the cloud, and then thrown violently out by the 
centrifugal tendency of the whirl. 

4. The cloud coliunn is distinctly hollow. In the West Lldian 
hurricanes, which wo may look upon as tornados on a large scalei there 
is a clear space in the centre in which the clouds break away and blue 
sky is seen above. The explanation given by Ferrel does not seem to 
me altogether satisfactory, but I cannot suggest any better, neither can 
I explain why the experimental cloud should bo hollow. 

I also wish to show a very suggestive result. On turning the, fan 
slowly, and producing thus a trifling up-draft, the cloud is formed. Now 
increase the pace of the fan, causing a stronger up-draft, and the. first 
effect is that the cloud disappears,^ soon, however, to be formed again with 
greater intensity. Now decrease the pace of the fan to its first rate and 
maintain it at that ; again the cloud disappears for a time, again to be 
reproduced, but after a longer interval than in the first instance. May not 
this suggest a reason for the manner in which tornados, hurricanes, and 
also the cyclones of these latitudes, vary in strength as they pass from 
place to place. 

The mechanical principle on which both the real and artificial pheno- 
mena depend is a simple one, and I do not propose to refer to it, since it 
is fully explained in books on Meteorology, notably in Ferrel's works, 
and in Davis^s Elementary Meteorology. But I must point out how, from 

* I am indebted to Mr, R. H. Curtis for the observation of this fact. 
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the experimental point of view, the one fundamental requirement for the 
success of this experiment is a good up-draft in the centre. No arrange- 
ment of parallel but opposed currents side by side that I have been able 
to devise, will form the cloud, but given a sufficient up-draft, it is very 
difficult to arrange the glass screens so that it shall not be formed. Another 
thing is noteworthy. The fan used is hardly capable of producing by 
itself a decrease of pressure equal to J in. of water, at least not with the 
means here used of turning it, but the decrease of pressure in the cloud 
amounts, I think, to 1 or 2 ins. of water ; certainly, since the water at 
the foot of the cloud is ^ to f in. above its proper level, the decrease of 
pressure must greatly exceed ^ in. Of course the decrease is due to the 
centrifugal action of the whirl, and we have an experimental illustration 
of the way in which areas of low barometric pressure are formed. 

In the natural phenomena the twist is provided for by the rotation of 
the earth, but here it is obtained by the arrangement of the screens. 
The direction of rotation may be ' varied at pleasure by altering the 
direction of the air as it enters ; but, as stated above, it is not easy to 
arrange the glass screens so that the formation of a cloud in some part 
of the enclosed space may not occur. 

The experiment is on too small a scale compared with the cyclones 
of a thousand miles or so in diameter, which often pass over the British 
Isles in the winter, to throw much light on the cause of their formation ; 
hut the evidence, as far as it goes, is distinctly in favour of Ferrel's as 
opposed to Hann's theory, and strengthens the opinion I have always held 
jis to the former being the correct one. 

Since the above was in type my attention has ])een called to Weyher's 
experiments as descri])ed by Prof. K Mascart (Journal de Fhysiqiie, 
December 1889). 

I can only state that at the time, I was in total ignorance of any 
similar experiments having been pre\dously described, and although the 
details of his arrangement and mine are essentially different in the manner 
of obtaining the angular momentum of the whirl, the principle, in so far 
as it relates to the central up-draft, is doubtless the same. 

The Figs, in Plate 1 have been reproduced from photographs taken 
bv Mr. R. H. Curtis. 



DISCUSSION. 

Captain D. Wilson-Barker remarked that he had witnessed numerous 
waterspouts in the course of his experience at sea, and he had never seen any 
other artificial representation which so truly resembled the actual phenomenon 
as the whirling column of steam produced in Mr. Dines's experiment. 

Mr. F. C. Bayard pointed out that in some illustrations of waterspouts 
which appeared in the Quarterly Journal (vol. ix. p. 159), a sack-like cloud, 
with a pointed end, was shown to be hanging over the whirl in the water where 
the spout was forming. He noticed that there was no descending cloud in Mr. 
Dinea's experiment, but the motion was all upwards. 

Mr. W. B. Tripp enquired whether a better effect would be produced if the 
glass surrounding the tray of water were raised a little to permit the entrance 
of air underneath. 

The President (Mr. R. Inwards) said that the shape of the column of 
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steam was exactly like that of the sand-whirls which he had frequently seen in 
Mexico and Peru. 

Mr. W. Marriott said that the experiment clearly demonstrated the up- 
lifting effect produced in tornados or whirlwinds ; and it was easy to understand 
how it was possible for showers of fish, shells, etc., which were occasionally 
heard of, to be experienced. Houses and other objects had been known to be 
lifted a considerable distance in American tornados. He hoped that it would 
be possible to obtain a photograph of the column of steam produced by Mr. 
Dines's apparatus, so that it might be reproduced for publication in the Quarterly 
JoumaL 

Mr. H. N. Dickson asked if Mr. Dines had made any experiments in which 
the vertical height of the column of vapour was small in proportion to its 
diameter. The apparatus exhibited represented the conditions under which a 
tornado was formed, but in a cyclone the part played by the rotational com- 
ponent was more important, relatively to the others. 

Admiral J. P. Maclear remarked that the experiment was the most perfect 
illustration of the lower part of a waterspout that he had ever seen. In natural 
waterspouts dense clouds were always present, from which a funnel - shaped 
mass, having the apex downwards, depended, and met the rising water. He 
supposed it would not be possible to produce this upper part by means of any 
experimental apparatus, as the fan would have to be between the cloud and the 
water. 

Mr. W. H. Dines, in reply, said that in the natural phenomena the column 
was hundreds of feet high, and the upper part reached the level of the cloud 
formation. Under these circumstances the relative humidity of the air in the 
upper was much greater than in the lower part ; and as the pressure decreased 
steadily as the centre was approached, and less dynamic cooling was required 
to condense vapour from the damper air above, the bag or funnel-shaped cloud, 
that had been alluded to, was formed at the top. The means by which the 
draft was produced were immaterial, but the stronger the up-draft the stronger 
the tornado, and by connecting the opening at the top with an ordinary 
dwelling-house chimney, he had been able to empty the tray of water in a 
minute or two, the water being splashed* out, and some of it even carried up 
and deposited on the wood at the top, nearly two feet above the tray, thus 
illustrating the lifting power mentioned by Mr. Marriott. The height of the 
fan above the water did not seem to matter, but he had not experimented with 
any great variation of size. 



PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 



November 20, 1895. 

Ordinary Meeting, 
Richard Inwards, F.R.A.S., President, in the Chair. 

Alfred Henry Franck Clarke, Rednal, Barnt Green, Birmingham ; 

GoLDiNQ Bird Collet, L.R.C.P., Shelley House, Worthing ; 

Capt. William Elliott, Filbert Cottage, Toddington, Beds ; 

Capt Thomas Fref^ 2 Billiter Avenue, E.O. ; 

Major John Macpherson Grant, 32 Hans Place, S.W. ; 
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Herbert Henry Law, As8oc.M.In8t.C.E., 17 Victoria St., S.W. ; 
Rev. Claude Robert Longfield, B.A., Brandruni House, Monaghan; 
George Rudd Thompson, F.C.S., 57 Dock Street, Newport, Mon. ; and 
Robert de Courcy Ward, M.A., Harvard University, Cambridge, Mass., 
wei-e ballotted for and duly elected Fellows of the Society. 

The following communications were read : — 

"On the origin op the Cold Weather Storms op the Year 1893 in 
India, and the character op the Air Movement on the Indian Seas and 
the Equatorial Belt, more especially during the Socth-wkst Monsoon 
Period." By John Eliot, M.A., F.R.S. (p. 1). 

"The Diurnal Variation op Wind Velocity at Tokio, Japan." By 
Charles Davison, M.A., F.G.S. (p. 38). 

Mr. W. H. Dines also showed his Experiment illustrating the formation of 
the Tornado Cloud (p. 71). 



December 18, 1895. 

Ordhmry Meeting. * 

'Richard Inwards, F.R.A.S., President, in the Chair. 

Robert Johnstone, Kingston, Jamaica ; 
Archibald Lawson, Baker Street, Wey bridge ; 
William Page May, M.D., B.Sc, 49 Welbeck Street, W. ; and 
John Wood Paulin, Opoho, Dunedin, New Zealand, 
were ballotted for and duly elected Fellows of the Society. 

Mr. F. Gaster and Mr. M. Jackson were appointed Auditors of the Society's 
Accounts. 

The following communications were read : — 

" Notes on some op the Differences between Fogs, as related to the 
Weather Systems which accompany them." By Robert H. Scott, M.A., 
F.R.S. (p. 40). 

"Analysis op Greenwich Barometrical Observations from 1879 to 
1890, WITH special reference to the Declination op the Sun and Moon." 
By Major H. E. Rawson, RE., F.RMet.Soc. (p. 65). 

" Meteorological Observations taken at Mojanga, Madagascar." By 
Stratton C. Knott, F.R.MetSoc. (p. 69). 

Mr. Scott exhibited some specimens of the illustrations in the International 
Cloud Atlas, now being prepared for publication. 



COEEESPONDENCE AND NOTES. 

Globular Lightning. — Mr. C. A. Nankivell, of Torc^uay, has forwarded the 
following account from the Western Morning News of what appears to have been 
an instance of globular lightning : — 
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"A thunderstorm broke over Brixkam, Devon, on December 18, 1895, 
shortly before 10 a.m. Heavy showers of rain had fallen at intervals from an 
early hour up to the time of the storm, when a bright blue sky with heavy 
white clouds and sunshine existed. The wind, which was blowing very 
moderately from the South-east, still continued without any variation. Two 
heavy flashes of lightning and two terrific peals of thunder were all that was 
seen and heard in the town generally, but in a field at Furzeham, part of which 
is occupied as a twine -walk, and where two men and a boy were at work, an 
electric ball or thunderbolt was observed by them in the west, and to travel in 
an easterly direction, tearing up the ground in its course imtil it reached the 
small wheel-house, where the boy sits to turn a small wheel for the spinners. 
The door of this small house was closed and the fluid striking it shattered its 
lower part, and passing on knocked a hole right through the wall, and, making 
its exit through, flew upward, striking the gable end of the roof of Mr. J. 
Varweirs ropery, knocking down the masonry and partially unroofing the 
establishment. It then entered the rope-walk and travelled 20 yards, damaging 
the side wall in its course, until it reached four men who were at work close 
together in making yarn. The names of the men are William Morey, James 
Lowe, Edward Mitchell, and Samuel Webber. Morey, who happened to be 
stooping at the time, was struck on the top of the head and killed instantly ; 
Lowe, who was close to him, was struck across the abdomen and laid helpless, 
though he never lost consciousness ; Mitchell received a severe shock in both 
legs and was knocked down, but was not injured. Webber escaped free. 
As soon as possible medical aid was sent for, and in a short time Drs. Elliott 
and Hayward were on the spot, and every effort was made by them to restore 
animation in Morey, but without avail, and his body was conveyed to his home. 
The injuries to Lowe were of such a nature as to necessitate his being kept at the 
residence of the foreman of the works until one o^clock, when he was taken home. 
His condition is critical. A railway porter and another man in the employ of 
Derry and Co., carriers, both of whom were in the goods shed, received severe 
shocks. One said he felt dazed and had pains about his body. Fishermen at 
the moorings in the outer harbour report that the electric fluid ran along the 
chains on the decks of their vessels, and that on Monday night at sea the crew 
of one fishing vessel saw three electric or phosphorescent balls on their mast and 
rigging. Such are often seen, but seldom more than one at a time. William 
Morey was single, and thirty-eight years of age. Hundreds of persons visited the 
ground in the neighbourhood of Mr. VarwelUs Ropery, where the ground is torn 
up for upwards of a himdred yards. Such a thing has never been known in 
the district before." 

In reply to an in([uiry Mr. Nankivell wrote : — " I may say that before I sent 
you the newspaper cutting I had seen the foreman of the ropeworks, in the hope 
of supplementing or correcting the details, and I had also questioned the reporter 
of the Western Morning News. The former confirmed the general accuracy of 
the account, but I am sorry to say that I did not succeed in obtaining any 
trustworthy information as to the size, colour, or rate of travel of the globe, 
except that the latter was described as slow. The ball was first noticed in a 
field to the west of the ropery, and travelled in an easterly direction (that is to 
say, against the wind), taking its course parallel and close to the wall of the 
field, which abuts on and terminates in the wall of the rope-walk, a long low 
building several hundred feet in length. The line of travel was therefore fairly 
straight, whether it was determined by the inherent motion of the globe itself 
or the direction of the walls, the wall of the field and that of the rope-walk, 
forming practically a straight line. The unfortunate man who was killed was 
stooping to detach a hank of yarn from the metal hook at the end of a length 
of rope lying on the floor, when he was struck, and api)arently killed immediately. 
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I am unable to say whether the lightning expended itself within the building, 
or passed outside ; if the latter, it did so without disruptive effects, as I was 
shown only some slight grazes on the wall, made in its passage after having 
struck the man. No more lightning was seen that morning, but the storm was 
renewed between ten and twelve at night, and the house of the foreman adjoining 
the ropeworks was struck. I regret my inability to add anything more in the 
way of description of this occurrence." 

Tree struck by Lightning. — It is so seldom that any person actually sees 
a tree struck by lightning that the following account by an eye-witness of one, 
an oak, struck at Ewhurst at 8 a.m. on August 22, 1895, will be interesting. 

F. Williams, a plumber, was passing along the road about 100 yards 
fix>m the tree, when there was a sharp discharge of lightning simultaneously 
with a crack of thunder ; the tree, in the direction of which he was looking, 
was completely shivered and the entire bark of the lower part thrown off, some 
of it falling into the road. He describes the explosion as like a shell bursting, 
there was a great flare of light, and a cloud of smoke (? steam) above the tree. 

Apparently the explosion occurred at the junction of the large branches 
with the trunk. No stripping or effects of lightning were visible on the upper 
branches. J. P. Maclear. 

Besnlts of Gterman Balloon Observations. — As is well known the 
German Balloon Association has carried out many ascents, and Dr. Assmann, 
in a paper in the Meteorologische Zeitschrift, has given a short account of the 
principal results obtained, which may be summarised as follows ; — 

1. The temperature is found above the level of 12,000 feet to be decidedly 
lower than had been concluded from previous ascents ; this is due to improve- 
ments in the instrumental outfit. 

2. The rate of decrease of temperature is found to be uniform throughout the 
ascents, but possibly increasing with altitude. 

3. The last-named result is probably due to a relatively increased temperature 
between the levels of 6000 and 1 2,000 feet, the strata in which cloud formation 
is most active. 

4. The seasonal change of temperature in connection with changes of weather 
extends to a considerable altitude, but at about the level of 15,000 feet a nearly 
constant temperature prevails. 

5. The inversion of temperature in winter and at night is apparently a 
regular phenomenon up to the level of 3000 feet. This phenomenon has been 
noticed without the appearance of any cloud between the different strata. It 
was usually connected with differences in the direction of drift of the different 
strata. 

6. The formation of cumulus in the neighbourhood of a depression extends to 
an unexpected altitude, and under favourable conditions the tops of the cumuli 
were inclined towards the depression. 

7 The upper surface of a cloud area showed the same thermal and electrical 
relation to the conditions of the air stratum above as is noticed at the earth's 
surface. This confirms a prediction of Prof, von Bezold. 

8. The conditions of exchange of air between anticyclones and cyclones have 
been thoroughly explained, and obey a simple law. 

9. It is nearly certain that the electrical potential does not increase with 
height, and at considerable altitudes this potential appears to approach a con- 
stant value. This tends to show that all atmospheric electricity comes from the 
earth, and no independent electricity occurs in the air, but clouds may act as a 
fresh " earth." 

10. The humidity was frequently found extremely low at moderate heights, 
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even as low as 1 per cent relative humidity, but great variations were found to 
exist between different cloud strata. 

Various other result* have come out, and it will be very interesting to see 
what light these will throw on the work already done. 

Lakes and Climate. — Dr. Willi Ule, whose work on the lakes of Northern 
Germany is well known, published recently in the NaturwissenschaftluJu 
IFochetischrift, a short paper on the influence of lakes on climate. He states the 
effects produced by lakes on the climate of the neighbouring districts as follows : 
The average annual temperature of lake- water being higher than that of the air, 
lakes exert on the whole a warming effect on the atmosphere. This is usually 
increased on account of the vertical distribution of water-temperature, but on 
the other hand diminished by the cooling effect of evaporation on the surface. 
Quite independent of the thermal reactions between water and air is the mirror- 
like action of the surface in reflecting the direct solar radiation into the sur- 
rounding air. The latter influence cannot be expressed statistically, and is 
probably only small. The supply of water- vapour yielded to the atmosphere is 
of value in moistening the neighbouiing land, while the thermal changes over 
the water surface give rise to currents of air which would not otherwise exist 
There seems, however, to be a marked absence of proof as to the extent to which 
the various influences really work. 

Climate and Health. — The n.S. Weather Bureau, Washington, has com- 
menced a new publication entitled Climate and Health, which is edited by 
Dr. W. F. R. Phillips. In the preface it is stated that it is presented to the 
professions to which it especially appeals as being almost wholly experimental in 
the sort of information it contains, and in the manner and plan in which the 
different statistics are published. It is offered not so much for its present 
value, as it is as an earnest of future endeavour, should the work it repre- 
sents meet with the approval of the classes for which it has been particularly 
undertaken. 

The data used in the climatic charts and tables are taken from the records 
of the meteorological stations of the Weather Bureau. The statistics of mortality 
and morbidity are furnished by special reports of public health officers and of 
physicians made directly to the Weather Bureau. An effort will be made to 
secure, as nearly as practicable, accurate and trustworthy statistics concerning 
the sanitary conditions prevailing from week to week. 



EECENT PUBLICATIONS. 

Ameiican Meteorological Journal, Vol. XII. Nos. 5-8. September — 
December 1895. 8vo. 

The principal articles are : — Synchronous or simultaneous geographical 
distribution of hourly wind velocities in the United States : by Dr. F. Waldo 
(II pp.). — Fog Signals and Meteorology : by Prof. H. A. Hazen (17 pp.). — 
Relations of the Weather Bureau to the science and industry of the country : 
by Prof. W. L. Moore (10 pp.). — The meteorological observatory on Monte 
Cimone, Italy : by A. L. Rotcli (3 pp.). This is the only summit station in 
Italy, the observatories on Vesuvius and Etna being both situated on the flanks 
of these volcanoes. Monte Cimone is the culminating point of the Northern 
Apennines, attaining a height above the sea of 7100 feet, and rising from the 
Pass of Abetone, above the Baths of Lucca, into two peaks, on the northern 
and higher of which is the observatory. — Physiological effects of high altitudes : 
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by A. L. Rotch (2 pp.). — Psychrometer studies : by Dr. Nils Ekliolm (6 pp.). — 
Meteorology as a University course : by R de C. Ward (8 pp.). 

Annuaire de la SociMi MMiorologiqiLe de France. Tome XLIII. 1895. 
Fevrier — Mars. 4to. 

The principal papers are : — Le clino-andmometre : par le P. M. Dechevren.s 
(5 pp.). — Relations npuvelles entre les mouvements barom(^triques sur rh(^mi- 
sphere Nord et les mouvements en ddclinaison du soleil et de la lune : par 
P. Garrigou-Lagrange (7 i^p.). — Sur Petat physique de Peau dans les nuages : 
par L. Besson (4 pp.). 

Clauds and Weatlier : A Stvdy foi' Navigator's. By Capt. T>. Wilson- 
Barker, F.K.S.E., F.K.Met.Soc. 1895. 8vo. 22 pp. 

This pamphlet, which is No. XL of the Shipping JForld Series, is illustrated 
by twenty-two photographs of clouds taken by the author. Capt Wilson- 
Barker divides clouds into two well-defined groups or types, viz. the Cumulus 
and the Stratus, and he gives five varieties of each of these types. 

Meteorologische Zeitschrift. Kedigirt von Dr. J. Hann und Dr. G. 
Hellmann. July — November 1895. 4 to. 

The principal articles are : — Ueber Kugelblitze : von Prof. F. Sauter (20 pp.). 
The author has already written several papers on globular lightning, and in the 
present one he recapitulates several of the best known accounts of the 
phenomena, so as to place its actual existence beyond a doubt He then 
discusses the experiments and reasonings of Gaston Plants and von Leppel, 
and winds up with an appeal to the public to make careful observations of the 
phenomena, if they get a chance, inasmuch as none of the attempted explanations 
can be received as absolutely convincing. — Amsler's Theorie des Alpengliihens 
und ihre Widerlegung : von Dr. J. Maurer (15 pp.). At the meeting of the Swiss 
Naturforschende Gesellschaft in 1894 Prof. Amsler-Laflfon brought forwaid a 
new theory of the after-glow so frequently observed in the Alps, and stated 
that he himself from the Rigi Scheidegg had seen the sun reappear after its 
setting ; and that the whole explanation of the evening glow is to be explained 
on this principle. He also denies the existence of morning glow. Dr. 
Maurer's paper is intended to controvert this explanation on the authority and 
experience of Pro£ von Bezold and Dr. Riggenbach ; and he cites evidence to 
show that morning glow is just as pronounced a phenomenon as evening glow, 
and is exactly similar to it — Zur taglichen Periode der Windstiirke : von 
Pro£ W. Koppen (5 pp.). This is divided into two parts. The first gives the 
epoch of maximum velocity at 67 stations in the United States. This part 
had been set up when Dr. Waldo's paper on the same subject came out, and 
Dr. Koppen proposes to discuss the results at which Waldo has arrived in a 
later paper. The second part deals with the geographical distribution of the 
afternoon maximum of velocity. This starts from the discovery that in North 
Italy the maximum falls decidedly later than in the rest of Europe in general, 
a result confirmed by the recent paper of da Schio on the wind at Vicenza. 
The paper concludes with a quotation of the epochs of maximum at mountain 
stations from Dr. Hann's recent paper on the Sonnblick. — Ueber den Temper- 
atui* unterschied zwischen Feld und Wald, und den Einfluss der Thermometer- 
aufstellung auf die Ermittelung desselben : von Dr. J Schubert (8 pp.). This 
paper is an answer to that by Dr. Ebeymayer in the May No. of the Zeitsvhnfty 
in which doubt was thrown on Dr. Schubert's conclusions from his experiments 
with aspiration thermometers in comparing temperatures in the forest and in 
the open. Dr. Schubert first discusses the exposure, and points out that the 
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larger size of a screen does not insure accuracy in the indicatioiiB of 
enclosed thennometers. He also points out that screens with open bol 
do not afford any protection against radiation, so that a bottom of latlw 
always to be recommended. Dr. Schubert has found, as regards thermomel 
laid on the surface of the ground, that the difference between the inc 
in the wood and in the open is slight in the mornings, but at noon it 
10" C, and even to 20" C. ; so that, according to him, screen observations 
in the shade are not comparable with those taken in sunshine. He con< 
by maintaining that the results obtained from the Bavarian system of doiAKj 
stations, in the forest and outside, give a greater difference in tempeiatnree^ 
than comes out from observations taken with aspiration instrament 
Reibung atmospharischer Luft imd die Druckvertheilung : von M. Moller (4 
This paper is intended to show that the friction of the wind on the 
of the earth has been estimated at a far lower value than it really 
Sollen die Beobachtungen der Luftfeuchtigkeit aufs Meeresniveau ledi 
werden ? : von A. Woeikof (3 pp.). This is one of the author's ZeU^ 
StreitfrageTij and it is prompted by the recent paper of Kaminskij's " Der jal 
Gang der Feuchtigkeit in Russland," in which the vapour tension is redi 
but not so the relative humidity. Dr. Woeikof shows that the foimola 
reduction is that given by Hann in 1874, which applies to the free ati 
sphere and not to mountain stations. This mistake leads to very 
conclusions. The non-reduction of the relative humidity also brings ont 
extraordinary results. Dr. Woeikof concludes by saying that pressure I 
only clement of which the reduction to sea-level makes a pretence 
accuracy. — Die Witterungsverhiiltnisse im bayerischen Alpengebiete nnd dei 
Vorlande am 9. bis 12. Januar, 1894 : von F. Erk (14 pp.). This is a 
interesting account of the results of certain balloon ascents carried on 
Munich during an interval of very severe frost, giving evidence of 
remarkable changes of temperature with level, and of up-and-down movemcilli^^ 
in the atmosphere. 

Sytnons's Monthly Meteorological Magazine. October — December 1895. 8TtC. 

The principal articles are : — The British Association at Ipswich (12 pfi). v^ 
This contains an abstract of the papers bearing on Meteorology, which 
read at the Meeting of the Association. — Rainfall in Palestine in the 
century (1 p.). — Belgian Rainfall : by A. Lancaster (2 pp.). — September ISW* ^ 
(7 pp.). This gives some particulars of the exceptionally hot weath^ which' * 
prevailed during the latter part of September. It appears that over one-thlid " 
of the kingdom the rainfall of the month was less than one-quarter of thia i 
average, and over three-quarters of the kingdom was less than half. Tempet^ i 
tures over 80** were recorded at many places from the 23rd to 29Ui.— i> 
Climate and Health (2 pp.).— The Climate of the British Empire in]1894 (8 ppt). 
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JFeatlier and Disease: A Curve HisUyry of theit Variations in recent yeantr 
By Alkx. B. MacDowall, M.A., F.R.Met.Soc. 1895. 8vo. 83 pp. ' 

The author in the preface says that the primary object of this book f$ J 
to give an idea of the way in which certain elements of our weather, 
the mortality from some well-known diseases, have varied in recent 
While no direct attempt is made to trace the relations between 
and disease, the work done is, generally, rather in the way of furnishing dati^. 
for comparison and study. The mode of exposition adopted is largely tllifc^-. 
of graphic curves ; these, indeed, are the essence of the book. Most of 
curves are "smoothed." 
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METEOROLOGICAL OBSERVATORIES. 

By RICHARD INWARDS, F.RAS., President. 
An Address delivered to the Royal Meteorological Society, January 15, 1896. 

As Meteorology is essentially a science of observation, the present 
discourse will be devoted to giving some scant and scattered details of a 
few of the diflFerent organised arrangements in various parts of the world, 
for carrying on researches into the constitution of the atmosphere, and 
the effects of changes in its condition from day to day. The subject of 
observatories is a wide one, and I shall not attempt to condense the account 
of the whole world's work in this direction into the talk of one short hour. 
There is a map which has been printed by Mr. Scott to illustrate his 
address^ from this chair in 1885 on the condition of climatological 
observations over the globe, which is instructive as showing at one 
glance the points on the world's surface from which the weather was 
systematically observed ten years ago. The map is shown to be dotted over 
in nearly every quarter, but, as might be expected, the dots are closer to- 
gether near the great centres of civilisation, while vast ' portions of the 
earth's surface, in desert plains and among mountains, on the oceans and in 
the polar regions, are practically barren in this respect, and the move 
ments of the atmosphere there remain almost unstudied and unrecorded. 

AncierU Observatories. 

In early savage times there is no doubt that keen eye observations, 
and a system of weather-guessing, represented the whole science of 
meteorology, and any prominent rock or tree served the purposes of an 
observatory from whence the early hunters, fishers, or sailors anxiously 
scanned the horizon for signs of the weather to come. Such a primitive 
arrangement in New Guinea I now show you photographed, and you will 

* Quarterly Journal vol. xi. plate 4. 
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,» 
see that it is merely a dwelling in a tree, on the top of which may be 

seen the anxious inhabitants peering into space — their sight, no doubt, 

sharpened by the consideration of the chances which determine the date 

of their next meal of fish or game. 

Nilometer. 

It is a long step from the look-out tree of the savage to the more 
scientific efforts of the Egyptians and Greeks, who certainly had systematic 
observations made in special buildings, and which structures might with 
truth be called observatories, though not supplied like ours with means 
and methods of a high and complicated order. The great pyramid has 
been claimed for such an observ^atory, and some writers suppose tbat^ from 
an opening in its side, the learned priests watched the transits of the stars 
and the rising of the constellations, to determine the march of the various 
seasons suitable for agriculture, or for the irrigation of their people's 
lands. Then they had Nilometers at various points in the course of their 
river, by which they took accurate note of its height at any aeaaon. 
There were many of these structures, perhaps the oldest being that at 
Memphis. There is one on the island of Ehoda, near Cairo, which remains 
in full operation to this day, having been more than eleven centuries in 
existence, and it may be claimed as the oldest flood gauge, and therefore 
rain gauge, in the world. The older Nilometers are mentioned by 
Herodotus, Strabo, and others, while our own Shakespeare thus speaks of 
this matter in the play of Anthony and Cleopatra : 

Tliey take the flow o' the Nile 
By certain scales i' the pyramid ; they know, 
By the height, the lowness, or the mean, if dearth 
Or foison follow : the higher Nilus swells, 
The more it promises.^ 

Although Shakespeare was probably mistaken in placing a Nilometer 
in a pyramid, it is very wonderful that he should have known of it at alL 

Messrs. Symons and Chatterton, in their paper - on floods last year, 
deplored the absence of systematic flood-marks on the Thames and Severn, 
and I commend the authorities to the ancient Egyptians for an example. 

Temple of the JHiids, Atlieiis. 

The Greeks inherited and sifted o\it all the wisdom of Eg3rptv and it, 
therefore does not sm*prise us to find in the very heart of ancient Athens, 
and almost under the shadow of the Acropolis, a building which may be 
claimed as an archetype of observatories, and which yet remains standing 
in the modern citv. 

I mean the little marble octagon tower called the Temple of the Winds. 
The eight sides of this temple are built to face the eight principal winds, 
and on each side is sculptured a human figure in high relief, and which 
represents, as far as a figure can, the character and (qualities of the parti- 
cular wind which it faces. 

For instance, the North wind, which is cold, fierce, and stormy, is re- 

^ Anthonji and Ck^jmtroy Act 2, scene 7. 
- QuoHerly Jimrnal^ vol. xxi. p. 189. 
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presented by the Beulptured figure of a man warmly clad and blowing 
fiercely on a trumpet made out of a sea-shell. 

The North-caat wind, which brought, and atill brings, to the Athenians, 
cold, snow, and hail, was figured by an old man with a severe countenance, 




i[il« of the Wiads, Athens. 



and who is rattling sling-stones in a shield, a good way of expressing 
emblematically the noise and power of a hailstorm. 

The East wind, which brought, and still brings, to the Greeks, a gentle 
rain, favourable to vegetation, is expressed by the image of a young man 
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with flowing hair and open countenance, having his looped-up mantle 
filled with fruit, honeycomb, and com. 

Zephyros, the West wind, was indicated by the figure of a slightly dad 
and beautiful youth with his lap full of flowers. And so with the other 
winds all round the compass, each has its qualities fixed in stone by its 
appropriate sculptured figiure, and we have here a most interesting 
evidence that the climate of Greece has not materially changed, at any rate 
in respect of winds, after the lapse of about twenty centuries. 

The tower had a vane on the top made to represent a Triton, who 
turned with the wind, and waved a brazen rod over the figure which 
portrayed it. This tower, of which I show you a photograph (by the 
kindness of Mr. J. G. Wood, the translator of Theophrastus\ is described 
by Vitruvius and other ancient authors, some of whom call it a horologium, 
and they suppose it contained a water-clock, or Clepsydra, to mark the 
hours during the night and in cloudy weather, when the fine sundials with 
which the building is decorated woidd not be in operation. This seems at 
first confirmed by certain pools and gutters which have been found in 
the floor, and which it would have pleased me very much to claim for 
some rainfall or evaporation-recording purposes. 

The names of the various winds are written up on the faces of the 
buildings in good Greek letters, so that all might read whether Boreas or 
Notus, Apeliotes or Sciron — there is a sound and fury in the very names 
— were bringing to them comfort or disaster, as the case might be.^ 
For those who could not read, there remained the emblematic signs 
which told them the story in stone, and which served like fossils in a rock, 
to carry down the tale even to our own days. 

The principal use of the temple was probably in order that the devout 
might offer prayers and gifts in view of obtaining the wind and weather 
they most reqiiired for nautical and agricultural reasons. It must be 
confessed that the building was rather badly situated for a mere 
observatory. 

Ohservaiories. 

About modern observatories, it is my intentipn to give a few de- 
scriptive particulars on — 1st, National Observatories, of which our own at 
Greenwich is taken as a type ; 2nd, Observatories in high places ; and 
3rd, a few notes on private observing stations, with perhaps some 
suggestions as to what may still remain to be done. 

Royal Observatoryy Greenwich 

A first order station is one at which continuous observations are taken 
with self-recording instruments ; and I will take you, for an example, to 
the Royal Observatory at Greenwich, where, by the courtesy of the 
Astronomer-Royal, and with the kind help of our past President^ Mr. 
W. Ellis, F.R.S., and of Mr. Nash, the present Superintendent of the 
Magnetical and Meteorological Department, I have been able to collect a 
little information. This, although it is not by any means new to many 
of our Fellows, may interest others who may not have had the opportunity 
of visiting the Observatory. 

^ Stuart and Revett, Antu/uUies of Athene, vol. i., where will be found nameTons illiu- 
tratious of the tower and its ornamentation. 
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On entering the building, after passing the various establishments 
devoted to astronomy and horology, we find the meteorological obser- 
vatory snugly placed among the other edifices, and one's first notion is 
that the situation is much too confined. But it is to be remembered that 
most of the surrounding buildings have been erected since the establish- 
ment of the meteorological department, and that owing to the formation 
of the bill and the smidl space at disposal, some crowding became inevit- 
able. There is room to hope that this will be remedied some day by 
removing the magnetical and meteorological part to some more command- 
ing site. , 

The building containing the principal meteorological instruments is of 
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■wood, and of only one story in height. On account of the delicate 
magnete below in an underground apartment, there is no iron used in the 
structure, the place of nails being supplied by pegs of bamboo, while the 
atoves, pipes, and locks are all of copper or brass. 

The building is in the form of a cross, and contains several rooms ; one 
is used as a computing room, and in another, lai^er, is placed the standard 
barometer and the electrometer. Of the magnets underneath we will 
speak more anon. We shall first consider the out-door instruments, and 
imagine ourselves personally conducted to take a rapid view of what 
is going on in the observatory. 

We note first the four thermometers which are sunk in the earth in 
order to take the temperature at different deptiis. No. 1 is at a depth of 
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24 French feet below the surface of the soil. The long and fragile stem 
of this thermometer was successfully placed in a deep hole in the gravel 
soil and packed up with sand, adding successively the 12 feet, 6 feet, and 
3 feet thermometers. French feet were used in order that the results 
might compare with continental observations. During the first two years, 
1847 and 1848, the thermometers were read every two hours; but the 
diurnal variations were found to be very small, and the readings have 
since been taken only once daily — ^at noon. The observations have 
been discussed by Prof. Everett and others. As might be exp»ected 
variations of the deepest thermometer are much less than those of the 
thermometer nearest the surface, and also follow the surface variations by 
a much longer interval. The depth of the longest thermometer is not 
sufficient to give any valuable results as to the increase of the temperature 
of the earth with depth ; it is the comparison of the changes of the three 
thermometers with those of the air thermometer that is the valuable point 
We then approach the two stands, or screens, carrying thermometers 
employed for taking the temperature of the air, and we look with some 
respect on the central dry bulb thermometer — which is the standard^ 
thermometer for Greenwich temperature. It is placed with the standard 
wet bulb on the older form of open stand set up in the time of Sir Greorge 
Airy and Mr. James Glaisher, and used in its present form, with some 
slight modifications, ever since the commencement of observations in the 
year 1841. It is commonly known as the "Glaisher Stand," and it is so 
contrived that it can be turned round on its vertical axis, and so always 
be kept with its back to the sun, to secure a proper shade for the 
instruments. The other screen set up in the year 1887, and which is of 
the form familiar to most of you, is known as the " Stevenson Screen," 
and is of the pattern now used by the observers of our Society. Both 
screens carry, in addition to the dry and wet bulb thermometers, ordinary 
self-registering maximum and minimum thermometers for eye observation. 

We now come to the shed under which is placed the apparatus for 
photographic registration of the dry and wet bulb thermometers first set 
up in the year 1848. Here in a light-tight box are the two thermometers 
so ingeniously arranged, that their indications are continuously photo- 
graphed on a sheet of sensitive paper, fixed to an upright drum, which is 
slowly carried round by clockwork, so as to bring successively fresh 
surfaces under the beam of light, which passes through the clear glass of 
each thermometer tube, while it is of course impeded by the opaque 
columns of mercury, so that when the images are duly brought out there 
appear on the sensitive paper two broad traces, each bounded below by a 
horizontal wavy line, corresponding to the height of the mercury in the 
two tubes. 

The register of the wet bulb stands immediately below that of the 
dry bulb. The light is automatically interrupted for a short time at 
every hour, producing on the developed sheet thin white columns, each for 
some definite hour, so that any change of temperature may be knovni as 
well as the exact time at which it occurs. The readings of these 
thermometers are reduced by comparison with those of the standard dry 
and wet bulb on the Glaisher or revolving stand. 

If there were time, many interesting points could be mentioned, such 
as the extremely rapid fall of temperature that will, at times, take place on 
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the occasion of sudden changes of wind, notably in squalls. Again in frost, 
it is interesting to remark how, as the temperature passes below the 
freezing-point, the wet bulb record will show a fall of a degree or two 
below the freezing-point, and come back to it with a sudden leap when 
the wetted bulb has acquired a coating of ice, after which the record 
again begins to show the true variations due to evaporation from the 
frozen surface. 

Here there are the solar and grass radiation thermometers for 
measuring the solar and the night radiation to the sky, and an ozone box 
for registering the amount of that form of oxygen in the air, notably very 
little in amount in the neighbourhood of a great city. Observations of 
the water of the river Thames were made for a great many years, the 
results being included in the Greenwich annual volumes. In late years 
these were made at Deptford, but the series came to an end in the year 
1891. It seems a pity that some other points in the neighbourhood 
cannot be found for continuing such observations. 

There are various rain gauges placed on the ground, near the 
thermometer screens, one on the top of the photographic thermometer 
shed, one on the top of the magnetic house, one on the roof of the old 
building fronting the park, and two at the Osier anemometer, one 
of these being self-recording. These two latter are 50 feet above the 
ground, and record only about three-fifths of the amount registered on the 
surface of the ground below. The self-recording rain gauge acts as 
follows. The rain is received in a vessel suspended by spiral springs. 
As the vessel becomes heavier it sinks with greater or less rapidity, 
according to the rate of the fall of rain. By means of a cord passing 
therefrom, over a pulley to a pencil, this rate of fall is recorded on a sheet 
of paper driven by clockwork. When 0*25 inch has been collected, the 
vessel automatically empties itself, the pencil returns to zero and begins 
again to record. The amount of rain falling during any given interval of 
time is readily ascertained. 

With regard to the barometer, eye readings of the standard barometer 
are taken, and the variations of pressure are registered by photography. 

The standard barometer is a plain looking instrument of Fortin 
pattern, made by Newman, and the tube has a bore of 0*565 inch. It is 
fitted with lamps and ground glass screens to assist the readings. In the 
year 1877 a very elaborate comparison was made by the late Mr. Whipple 
between this barometer and the Kew standard barometer, with the result 
that the difference between the two was found not to exceed '001 inch, 
corresponding to a difference of only about one foot of level, or to that 
caused by a few grains of impurity in the mercury — one much less than 
the usual difference of reading as made by any two observers. For 
photographic registration a siphon barometer by a simple and effective 
plan, acting from a float in the shorter leg, is made to raise and depress a 
slotted screen, so that by a clockwork and photographic arrangement, 
similar in principle to that already described for the thermometers, 
a permanent pressure curve is continuously recorded. The slotted screen 
is carried by a lever of such length that the scale on the paper becomes 
magnified to rather more than four times the natural scale. This enables 
the finer oscillations, as in thunderstorms, to be better studied, and I may 
mention that this barometer, in common with all other self-recording 
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barometers throughout the world, distinctly recorded in 1883 the passage 
of the air wave caused when Krakatoa, an island on the other side of the 
globe, was rent in two by a volcanic eruption. 

On the top of the magnetic building we find the sunshine recorder of 
the Campbell-Stokes pattern burning, by means of a lens, a trace on a 
card in the usual way. Daily records of sunshine have been maintained 
at Greenwich since the year 1876. Near the sunshine instrumient is a 
small, open, but well protected, thermometer screen carrying a dry bulb 
and maximum and minimum thermometers, for the purpose of comparing 
the results at this altitude, 20 feet from the ground, with the results of 
the standard thermometer at 4 feet above the soil. 

On the top of the Observatory tower, which has formed a landmark 
since the time of Charles II., is found the Osier anemometer for recording 
the direction and pressure of the wind, and the amount of the rainfall (Fig. 2). 
The latter we have described in speaking of the rain gauges generally. 
It is interesting to enter the little turret in which is the recording table 
carrying forward a sheet of paper moved by clockwork, and to watch the 
ever-moving pencils writing down at each moment the direction and force 
of the wind, whether it is a mere breeze or a fierce gale, a zephyr, or a 
hurricane. The time scale usually employed is about half an inch to an 
hour, but an arrangement now exists by which, on a gale of wind spring- 
ing up, the scale can be at once increased to twenty-foin: times this 
amount, thus giving much more minute information in regard to the 
variations of direction and pressure at such times. This anemometer has 
been at work since the year 1841. At a later date a Kobinson anemometer 
for registration of wind velocity was added. It sometimes happens that 
the wind force is registered in an unpleasant way at Greenwich as elsewhere, 
by accident, and I show you a picture of the shutter of the observatory 
dome which was brought down by a gale on December 22, 1894. The 
pressure of the wind measured at the time was 27 J lbs. per square foot, 
and the observer inside the building narrowly escaped being struck by 
the suddenly released counterweight used to balance the shutter. Mr. 
Nash has favoured me with these particulars. 

We should refer to the matter of the registration of atmospheric 
electricity. For this the electrometer is employed, as designed by Lord 
Kelvin (perhaps better known as Sir William Thomson). It is placed in 
the principal room of the magnetic building, and consists of a carefully 
insulated cistern which is in communication with the electrometer, and 
from which, by means of a pipe passing out into the open air, a small jet 
of water is projected into the atmosphere. The electric potential of this 
point is thus communicated to the electrometer and recorded by a photo- 
graphic arrangement on a revolving cylinder. In fine weather the 
electricity is usually positive in the air, as compared with the earth, but 
in rainy weather, or in thunderstorms, rapid variations from positive to 
negative, and back again, are experienced. 

Going now to the basement of the building we find the apparatus 
devoted to the registration of the delicate movements of magnets, made 
of hardened steel and delicately suspended by long silk filaments, or 
moving on fine knife edges. Each magnet carries a small mirror so 
arnanged as to reflect a spot of light from a lamp on to a piece of sensitive 
paper, placed on a cylinder turned round by clockwork, so that every 
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variation or tremor of the magnets is recorded by a corresponding vary- 
ing line on the moving paper, making waves of more or less steepness 
thereon, according to the amount of movement. 

When there is no movement or disturbance the line is straight, but 
this is not the usual state of things. It is scarcely necessary to remind 
you that any vibration, as from an earthquake shock, may also distui'b 
the magnets mechanically, but earthquakes are rare in this country, and 
it has not been thought necessary to set up special apparatus more par- 
ticularly designed for the registration of such phenomena. On February 
23, 1887, I find from the Astronomer -Royal's Report the vibration 
caused by an earthquake as far distant as the south of France caused a 
disturbance of the magnet corresponding to 20' of arc in declination, 
and *004 of horizontal force, being ^^th of the whole horizontal force. 

There is also the earth current apparatus for registration of the 
galvanic currents, that, to a lesser or greater extent, are always present 
in the earth. Two wires, each several miles in length, and both having 
earth plates at the two ends of the line, are placed in communication with 
galvanometers, one to each circuit, each galvanometer carrying a mirror 
for photographic registration of the variation of earth current force on 
one cylinder placed between the two galvanometers. Since the end of 
the year 1890 these records have been greatly disturbed during the day 
by the trains running on the City and South London Electric Railway, 
although the nearest earth plate of the system is distant some 2^ miles 
from the railway. 

As a concluding remark we may mention that the time scales of all 
the records throughout the observatory, both magnetical and meteoro- 
logical, are, with one exception, identical in length, which much facilitates 
any collation of the various registers. The one unavoidable exception is 
the sunshine record, which has a somewhat more extended scale. Those 
similar in length number in all thirteen. 

I have given these somewhat minute particulars of the work done at 
Greenwich to serve as an example of that which goes on at all observa- 
tories of the first order throughout the world, varying a little under 
special circumstances, but in principle the same, though not always com- 
prising so many subjects of research as pursued in our own Royal 
Observatory. 

It must not, however, be imagined that I have enumerated all the 
various researches now going on there, work which is forming a firm 
foundation for the wider meteorology of the future. 

Kew Observatory, 

Greenwich, is however, not the only Observatory in the vicinity of 
London, the other is the establishment of the Kew Observatory, which, 
although known by that name, is really to be found in the Old Deer Park 
at Richmond, on a small eminence of made ground surrounded by flat park 
land, and situated a few hundred yards south of the river Thames. The 
site was occupied during many centuries by an old Carthusian monastery, 
which was suppressed in 1541. The present building dates from about 
1769, when George III. erected it, after the designs of Sir William 
Chambers, to whom we owe also our Somerset House. 
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The building then became known by the name of the King's 
Observatory at Kew, though Bometimes more correctly called the Royal 
Observatory at Richmond. George III. provided the establishment with 
the best clocks and watches that could be obtained at the time, and he 
often visited the place, while his children frequently attended lectures 
given there. Our esteemed paet President, Mr. E. H. Scott, was from 
1871 to 1876 its Honorary Secretary, and from his interesting "Hiatory 
of the Kew Observatory " ' I have gleaned the foregoing particidars. 

About the year 1840 the Government came to the decision that the 
establishment should be abolished as an astronomical observatory, and 




Fio. 3. — Kew Observatory, Richmond, aiirrey. 

the building was finally handed over to the British Association in 1842. 
The first resolution of the General Committee of that body at the Man- 
chester meeting in June of that year with reference to their new acquisi- 
tion, was ; " That Prof. Wheatstone, Prof. Paniell, and Mr. Snow Harris 
be a Committee for constructing a self-recording meteorological apparatus 
to be employed in the building at Kew." 

In the next year the name of Mr. (afterwards Sir Francis) Bonalds, 
F.E.S., first appeared in connection with the establishment. At the 
meeting of the British Association at Cambridge in 1845 a conference 
was held in connection with a committee which had been appointed to 
"conduct the co-operation of the British Association in the system of 
simultaneous magnetical and meteorological observations." This con- 
ference, among its recommendations, expressed the wish " that it is very 
' PTuaaliiuja of Ike Roynl Sociily, vol. titis. p. 37. 
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highly important that self-recording meteorological instruments should be 
improved to such a degree as to enable a considerable portion of the 
observing staff of an observatory to be dispensed with." ^ This suggestion 
attracted the notice of two eminent scientific inventors, one — Mr. Charles 
Brooke, F.R.S., who was my predecessor in this chair in the years 1865-6, 
the other, Mr. Konalds, at the time on the staff of the observatory of the 
British Association at Kew, and who became subsequently its super- 
intendent Both gentlemen completed their inventions of self-recording 
magnetographs and meteorographs, the Brooke system was adopted by 
Sir G. Airy at Greenwich, the Ronalds system at Kew. At the date of 
the reorganisation of the Meteorological Department of the Board of 
Trade, under a Committee of the Royal Society, the Ronalds system of 
photographic barographs and thermographs was adopted for all their obser- 
vatories, and Kew was constituted their central and normal observatory. 

The verification branch of the observatory was first set on foot in 
connection with magnetic apparatus, and subsequently extended to 
meteorological and other instruments in the early fifties. 

A walk through the building enables one to form but a very dim 
estimate of the work carried on there, but by the kindness of Dr. Chree, 
the superintendent, I have recently had the opportunity of visiting the 
place under favourable auspices. 

As regards meteorology the institution is of incalculable value, for it 
is here that all £nglish thermometers, with any pretensions to accuracy, 
are sent for examination and certificate. After being carefully compared 
-with a standard in hot water, which is contained in a cistern with a trans- 
parent side, and also after being submitted to freezing and boiling 
temperatures, where necessary, the thermometers, if found correct, are 
marked by etching the " KO " monogram on the glass, and are sent out 
to the world with an established character for accuracy. Barometers, 
hydrometers, and other instnunents are also severely tested, examined, 
and marked at Kew, while watches and chronometers, after having been 
duly baked, frozen, tried in various positions, and carefully timed for. 
months, are sent out with a certificate of the number of marks attained 
in the competition — 100 would mean perfection, and the highest in 1884 
reached 8 8 '8. The Kew certificate adds considerably to the selling 
price of any instrument or watch. Photographic lenses are also examined 
and certified here, and recently a department has been established for 
the testing of platinum thermometers, a form of instrument which, though 
of little use to the meteorologist, is essential to the chemist or metallurgist 
who has to deal with very high temperatures. 

It is at this observatory that the researches into the heights of the 
various forms of clouds were carried out by the late Mr. Whipple, whom 
we all so well remember. I show you a photograph of the apparatus he 
employed, and merely say in passing that the same cloud was, at the 
same instant, observed by two telescopes, one of which was at the obser- 
vatory, and the other one some distance away in the park. A triangle 
could thus be constructed on a known base and with two known angles, so 
that the cloud height could be calculated with sufficient accuracy. Here is 
found also a glycerine barometer, in which glycerine is used instead of mer- 
cury, and it has in consequence a tube which is as many times the length of an 

^ Report of the British Association, 1845, p. 71. 
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ordinary barometer as the number of times mercury is heavier than glycer- 
ine. This results in an instrument over 30 feet in height, and with a much 
extended scale, so that it is easy to study by its means all the smaller 
changes in the density of the air, the siirface of the coloured liquid in 
the tube moving under our eyes with unusual disturbances. Magnetic 
observations are also made here, much in the same way as those already 
described, in the Royal Observatory, Greenwich, so that tiie two sets of 
observations usually check each other. Most of us remember the weekly 
weather curves published in the Times, but now unfortunately discon- 
tinued. These emanated from the Kew Observatory. 

There are now meteorological observatories in all civilised countries, 
but the rough sketch I have given of these two of our own will enable one 
to form some idea of the subjects investigated and the instrumental means 
adopted. 

High Level Observatories. 

Let us now turn our attention to those observatories which are 
situated on the summits of mountains, and which by reason of their alti- 
tude attack the problems of air study from a much higher point of vantage. 
It must be clear to any person who has looked attentively at the sky 
that the motions of the upper air as shown by its clouds are very different 
to those of lower levels, and it is with a view of eliminating, as far as pos- 
sible, the effects caused by inequalities of the ground by friction and by 
local circimistances, that mountain peaks have in various countries been 
fixed on for the establishment of meteorological observatories. 

Mont Blanc Observatory. 

To begin with the highest in Europe I must take you in imagination 
to Mont Blanc, which, as you know, is situated in France, and about 40 
miles to the south of the Lake of Geneva. 

In 1887 Monsieur Joseph Yallot ascended Mont Blanc and made 
.some preliminary studies on the summit, leaving some self -registering 
instruments there duiing the summer ; and it was then that he formed 
the idea of erecting a permanent observatory on the mountain. 

There were many difiiculties owing to the great number and variety 
of the instruments which modern meteorological science demands, and 
M. Vallot instances that Saussure, in his famous early ascent (in 1787), 
contented himself with proWng that carbonic acid existed in the air at 
these heights. Now it would be necessary to measure the exact quantity. 
M. Vallot pitched his tent at first on the summit, 15,781 feet above the 
sea, but afterwards, on a more careful survey in 1889, finally decided to 
place his building on the rocks called Les Bosses, about 1400 feet below 
the actual simimit. He did this for two reasons, the first being that he 
was afraid of movement if he erected his observatory on the cap of snow, 
which is really nev4 covering the summit, the second that it seemed 
to him the highest spot where he could find a rocky foundation of suffi- 
cient size. In addition to these reasons a resting place and shelter were 
much needed by those overtaken by bad weather in making the ascent, 
and this latter consideration induced the guides and others in Chamounix, 
not only to bear a large portion of the expense, but to carry up free of 
cost the various materials and instruments for the building. 
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In the summer of 1890 M. Yallot collected his materials and got them 
successfully transported to the " Bosses " rock, where he put up a tent 
for the workmen and another for himself. He suffered much from 
mountain sickness, but he had provided himself with a remedy in a steel 
tube full of compressed oxygen, of which he breathed several quarts, and 
then foimd himself with an appetite for food, and all was well. A storm 
came on, but by extreme exertion the workmen managed to put up the 
walls in one day, although at last it was so cold that they could scarcely 
work even in thick woollen gloves. Of course the porters had brought 
their burdens up as they best could, and M. Vallot says that by an un- 
happy fate all the useless things arrived first, and he sought in vain for 
the means of making a cup of coffee, though he was abundantly supplied 
with thermometers and other apparatus. For want of a coffee miU they 
spread the grains of coffee on a little table and ground them to powder 
by means of an empty bottle. He says that on this table were emptied 
coffee, soup, petroleum, and other things, so that to this day he does not 
know what mixture he then swallowed. They spent some fearfully cold 
nights, and some of the workmen fell ill, and M. Vallot had to revive 
them by giving them some of his compressed oxygen to breathe. 

By the third day they got the roof on, and lit a triumphal bonfire at 
night to tell the folks at Chamounix that the enterprise was a success. 

M. Vallot recounts how in the dead of night, to his great surprise, he 
heard violent knockings at his door, and on answering them he found 
some of his porters, who had ascended with lanterns, to inform him that 
two of his scientific friends were ill with mountain sickness and sunstroke 
at the Grands Mulets rocks, 3000 feet below. 

He tells us that he immediately got up, filled an indiarubber bag 
with three litres of oxygen, and descending to the Grands Mulets in one 
hour (though it had taken them six hours to ascend), he arrived at the 
cabin, gave his friend the oxygen gas, which enabled him to descend 
with a firm step to Chamounix. 

Here M. Vallot found many of his packages detained, and after a 
successful forage amongst them says he emerged, brandishing as trophies 
a sphygmograph, a coffee mill, and a broom, the two latter things being 
much wanted at the summit, to which they returned the same day in 
scorching sunshine. The whole narrative, as told by M. Vallot, is 
instructive as well as amusing. 

On his next ascent he was accompanied by our esteemed Fellow, Mr. 
Rotch (of Blue Hill Observatory, Boston, U.S.) who at once commenced 
some important experiments on sunlight. M. Vallot has ascended many 
times, and he has published in his interesting Annals the scientific results 
of his observationa No one passes the winter on Mont Blanc, though 
M. Vallot has had an earnest letter from a lady, who says she is fond of 
solitude, and who wishes to pass the winter there in making observations. 
The observatory contains various rooms for beds and a saloon for the 
guides, a spectroscopic and photographic observatory, a laboratory, 
a kitchen, and a room for the self -registering instruments. It is 
available for students of all nations, and already it has been utilised by 
observers, there having been in 1893 four French scientific visitors, three 
Swiss, one German, one Italian, and one American. It is curious that 
our nation has not been among the first to make use of this building 
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nobly and gratuitously placed at their service by the heroic founder, 
who as soon as he knew I was about to read this paper sent me the 
photographs you have seen and the following letter, a translation of 
which will be interesting to you all : — 

January 2, 1896. 

My first scientific expedition to the summit of Mont Blanc was in 1887, and 
some of the observations then taken are published in my AnnaU of the 
Observatory. 

In 1890 I constructed the observatory on the " Bosses" rock at 4365 metres 
altitude. Higher than tjiis the summit is capped by a glacier, except where a 
few rocky points emerge from the surface, but which are too small to build 
upon. 

No one lives in the observatory. During the summer only the self-registering 
instruments are attended to about every fifteen days. I have no experience 
of the winter there, but I have devoted three summers (1890 to 1893) to 
observations which will be published in my Annals (voL ii.) sometime during 
this winter. 

In 1893 M. Jansseu, having announced that he was about to establish 
continuous observations, I ceased this class of work, so as not to do it twice over, 
and I am now devoting myself above all to the study of terrestrial physics ; 
and I hope during this winter to publish my works on actinometry, on 
atmospheric whirls, on storm clouds, and on the transformation of snow into 
glacier ice. 

Besides the observatory on the summit, I have two meteorologicid stations, 
one on the Grands Mulcts rocks at 3000 metres, and the other at Chamounix at 
1000 metres, elevation. The last only is in constant use, the others are put in 
action when desired, and, as I have said, the four summers* observations that I 
already possess will suffice to give us some knowledge of the march of the ordinary 
phenomena of the air at such elevations. 

In the summer I reside at Chamounix, and from time to time I go up to the 
observatory — about once a week at least, — and I have thus made already twenty- 
one ascents of Mont Blanc When at the observatory I do my work as much on the 
actual snowy summit — which is quite near — as in the study which I have built. 
Life is not easy at these heights, for one has to contend with mountain sickness, 
but I have become so accustomed to the conditions that I can work there as well 
as when below, even when there are storms going on during the day or night. 

Some few scientific men have also made use of the observatory, but at rare 
intervals. 

After I had constructed my observatory, M. Janssen came there and worked, 
but he wished to make another of his own, and he placed it on the actual 
snowy summit of the mountain. He began in 1893 and continued during 
1894 and 1895. It is nearly finished, but not yet completely furnished with 
instruments, so that up to the present no scientific work has been done. 
M. Janssen has abandoned the idea of permanently entertaining observers there. 
He has had constructed a superb meteorograph, which has this season been 
safely placed on the summit. 

Unfortunately his observatory is placed on the snow, and has therefore no 
stability, for snow has continual movements of its own, and the clocks of the 
instruments are stopped. They have seldom gone for more than three days at 
a time. M. Janssen is very much disappointed, but he has told me that he 
intends to try other means. It will thus be some time before this observatory 
can give any results. 

From an astronomical point of view, not much further progress has been 
made. The workmen who ascended to erect the telescope were too unwell to 
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do the work. » Two astronomical expeditions have not been any more fortunate, 
for the leaders of the same were seized with illness, and could do nothing, 
although they "saved the situation" by working at the lower level of 3000 
metres at the ** Qrands Mulets " rocks. 

To do any work at the summit it is necessary to have been accustomed to 
exist at great elevations. 

I am happy to be of any use to you, and I am desirous to see some English 
students working in my observatory. I offer my services to you and to your 
Society, as it is my principle, not solely to work for myself, but to facilitate the 
labours of others by all possible means. — Yours, etc. Joseph Vallot. 

In his Annals, M. Vallot further says on the subject of establishing 
observatories on such elevated spots : — 

It is necessary to have been half- blinded by the snow, to have felt the 
thousand stingings of the atmospheric electricity, to have crawled prostrate over 
the soft snow, to have been bloA^Ti over by the wind, and to have crouched down 
before avalanches, ere one can give a correct account of the terrible intensity of 
the weather conditions at these great altitudes. It is after this that we comprehend 
the powerful impulses given to the upper regions of the air, and which are only 
feebly transmitted to the lower levels through an enormous mattress of atmo- 
sphere and vapour which serves to deaden its movements and falsify its 
indications. 

Among the results already to be mentioned as coming from the 
Mont Blanc observations the following may be here enumerated, though 
a much longer list might be made. 

The wave of diurnal variation of temperature is about one third of 
the amplitude of that at Chamounix. 

The experiences at the Mont Blanc Observatory confirm those of Mr. 
James Glaisher made in balloon ascents, the cold increases very regularly 
at the rate of about 1° C. for each rise of 200 metres, which corresponds 
to r F. to 364 feet rise. 

The temperature of the air on mountain slopes is sensibly less than 
in a free stratum of air at the same altitude as observed from a balloon. 
M. Vallot has given in his Annuals, as far as possible, all the results as 
regards air-pressure, moisture, temperature, wind and w^eather generally, 
and he must be regarded as having made already, by the publication of 
his first volume, a real contribution to knowledge in a direction in which 
comparatively little has been done. 

I must not leave the summit of Mont Blanc without showing you 
the observing cabin which has been gallantly pitched by M. Janssen on 
the very summit of the mountain, considerably higher, as you will have 
seen by the photograph, than the more permanent observatory of M. 
Vallot. The sriow movements have for the present defeated M. Janssen, 
but it is not likely he will give up the attempt. M. Eiffel has also made 
an observing tunnel or gallery in the ice cap, and sundry timbers and 
objects placed therein will in the nature of things slowly sink with the 
glacier, and perhaps inform future ages of what has been done. 

European Mountain Observatories. 

Time will not permit me to describe to you the other mountain 
obsen'atories of Europe. There are many, from the Sonnblick in the 
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Austrian Alps, where there is a well-found observatory at a height of over 
10,000 feet, to the establishment on our own Ben Nevis, which only 
boasts the modest altitude of 4406 feet. 

I show you a few pictures representing this last-named observatory 
and its condition in mid -winter, when I think no one will envy the 
unfortunate observers who have to stay there, left severely alone, 

American Mountain Observatories. 

This subject must not be quitted without mention of the observatory 
which has been perched on the Andes by the enterprise of the authorities 
of Harvard College in America. 

I show you two views of this, by the kindness of Prof. Pickering. One 
shows the Arequipa station of the observatory at an altitude of 8000 
feet, while the other gives a view of the summit of El Misti in Peru, with 
the meteorological shelters erected there for the accommodation of the 
self-registering instruments, at the height of 19,200 feet above the sea, 
constituting this the highest meteorological station in the world. 

Most interesting results cannot fail to arise from this gallant attempt 
to pierce the clouds in search of knowledge. Mr. A. L. Kotch, of the Blue 
Hill Observatory, Boston, U.S., has constituted himself the authority on 
high level observatories, and I can refer the Fellows with confidence to 
his many works, which will all be found in our library. 

I must, however, show you one view of the Pike's Peak Mountain in 
Colorado, and I do this partly because in it Mr. Cohen has caught a very 
happy effect of cloud. The mountain is over 14,000 feet in height, and 
although on the south side it is approached by a gentle slope, yet on a 
nearer view from the east or west sides would be found to be intersected 
by deep gorges with precipitous walls 2000 feet in height On the 
observatory which surmounts Pike's Peak a wind velocity of 92 miles an 
hour was registered in December 1892. 

I also show you views of the observatory on the Brocken Mountain, 
and that of the Deutsche Seewarte at Hamburg, which latter enjoys the 
distinction of being the largest meteorological observatory in the world. 

Eiffel Tower, Paris. 

From mountains to towers is a long step downwards, and I must ask 
you for a moment to listen to a few particulars about the observations taken 
on the Eiffel Tower in Paris, of which I show you a photograph, and I 
should have been glad to give you a nearer view of the meteorological 
appliances on the top, but, up to the present, it has been found impossible 
to get a satisfactory photograph of them on account of their elevated 
position. 

On the top of the Eiffel Tower is a self-registering barometer, while in the 
Bui^eau Central M^t^orologique in the Rue de TUniversit^, there is another, 
its exact counterpart, and it has been noticed that the first diurnal mini- 
mum of air pressiure at 4 to 5 in the morning is much more evident at the 
top of the tower than at the base, while the first maximiun at 9 or 1 in 
the morning is a good deal less marked on the summit than below. The 
second minimum of 14h. to 17h. — 2 to 5 in the afternoon — is also less on 
the summit ; the second maximum at 22h. (10 in the evening) is sometimes 
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a little more pronounced at the summit, but the difference is slight The 
general corrected average pressure throughout the year at the top of the 
tower is lower by '12 millimetres, about yijVxj- of an inch, a difference 
not yet satisfactorily explained. 

As to temperature, it is generally from 1° to 4° C. colder on the tower 
than below, the month of December being the only one where the 
temperature is higher at the summit than at the base. The changes of 
temperature are less regular, th^ diurnal variations not so large, while the 
smaller oscillations are much more marked at the summit than at the 
base, it often happening that some are registered above which are 
absolutely inappreciable below. Some of the changes of temperature 
recorded in the tower are very remarkable, as for instance a leap upwards 
of 10° C. (18° F.), which rise of temperature took two days to communi- 
cate itself to the stratum of air below. 

All this and much more of great interest to the weather student may 
be found in M. Angot's masterly ^nnafe, 1889 to 1892 ; and I have been 
favoured by that gentleman with a letter giving some of his most recent 
results. It concludes as follows : — 

The only general result which is not to be yet found in my annual memoirs 
is the following : — 

The annual variation of temperature on the summit is already found to be very 
different from that at the level of the soil. The difference of temperature between 
the lower level and the upper amounts to V'6 C. (2'* '9 F.)at its maximum at the 
end of June, while it is at a minimum at the end of September, when it only 
attains 0°*3 C. (0**6 F.). The annual cooling of the air occurs much more 
rapidly below than in the upper air, a fact altogether analogous to that shown 
by the variation of the daily wave of temperature, and it frequently happens 
that in the months of September and October there is a mean temperature higher, 
in absolute value, at 300 metres altitude than on the ground. The inversion, 
therefore, which is constantly shown in the hourly means, presents itself also in 
the monthly ones, but only in the autumn, and not in the coldest part of the year. 

The Society will be grateful to M. Angot for this preliminary note of 
some of his important conclusions. 

M. Angot also calls attention to the following fact with respect to 
humidity : — 

Sometimes a process, the reverse of evaporation, has been noticed on the 
Eiffel Tower. After a cold period on one occasion, when a sudden warming of 
the air took place, accompanied by great humidity, water rapidly condensed from 
the atmosphere, so that in three days as much as 9 millimetres (about f of an inch) 
accumulated in the vessels used for evaporation experiments. Generally speak- 
ing, the atmosphere is nearly 8 per cent drier at the top of the tower than it is 
below. 

Attempts have been made in our own country to secure observations 
on high towers, but as they have been of necessity confined to much 
lower altitudes, I must content myself with showing you the pictures of 
the places where the two most notable experiments have been made, viz. 
Lincoln Cathedral and Boston Church Tower. 

Private Ohserving Stations. 

One word about private observing stations. In addition to the tele- 
graphic reporting stations of the Government this Society has a great 

H 
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number of observers in different parts of the British Isles, whose daily 
observations are published in our Meteorological Record, I show you 
a view of such a private installation, and in it you may recognise Mr. 
Mawley, a gentleman of whom you will know more by and by. Mr. 
Symons tells me that Mr. Mawley's station is so well arranged and con- 
ducted as to serv^e as a type and pattern for all others of the same order. 

Coficlusion^ 

I have now endeavoured, as much as has been possible in one brief 
discourse, to give you some bare information as to observatories in our 
own and in foreign countries, and it may be permitted to throw a glance 
from " the mind's eye " into the future and imagine an observatory in 
Great Britain which shall more than rival those of other countries. One 
can figure to one's self a tower piercing the sky from any of the elevated 
table-lands of this island, Salisbury Plain, the Stray at Harrogate, or 
anywhere on the Downs between Guildford and Dorking, from which 
the most interesting results could not fail to accrue. It is the opinion of 
M. Vallot — no mean authority — that a high tower is for air-obeerving 
purposes, equivalent to a mountain station of ten times the altitude, and 
this is evident when one considers that any mountain must act as an obstacle 
which thrusts the layers of the atmosphere upwards into a contour almost 
like its own ; so that some of the effects are very little different from 
those observed below. A tower like the Eiffel Tower, on the contrary, 
thrusts itself into the air without impeding its movements. 

Among the new subjects which might with advantage be studied from 
such an observatory are the systematic photography of the clouds all 
round the horizon, and the effects of observed refraction in the different 
air strata, a subject only yet in its infancy, for Mr. H. F. Newall showed 
only last Friday to the Fellows of the Royal Astronomical Society how he 
had observed, in the great telescope at Cambridge, waves of a varying 
speed and frequency crossing each other at different angles in the field of 
view, when the telescope was pointed at the open sky. He says these 
belong to the upper air 4 or 5 miles from the earth, and if he is right 
(which I hope) here alone is a new field of study which may be fruitful 
of results in the future.^ 

It is the boast of our Society that it is covering the face of the 
country, and indeed of the world, with a network of private observing 
stations, and it is collecting together for the enlightenment of all future 
time a mass of accurate knowledge on the subject of the thousand 
changes in our atmosphere, its varying moods, its beating pulses, its calms 
and its convulsions, so that when the philosopher is born who is destined 
to unravel all its mysteries, he will find the means and instruments made 
ready to his hand. 

I have to thank many kind friends for the different illustrations I 
have put before you — Mr. J. G. Wood, Mr. Scott, Mr. Ellis, Dr. Mill, 
Mr. Rotch, M. Vallot, Mr. Symons, M. Angot, Dr. Chree, and Mr. Edney 
are all heartily thanked for their kind assistance in the matter. 

^ The Observatory, 1896, p. 77. 
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REPORT OF THE COUNCIL 

FOR THE YEAR 1895. 

In presenting their Report the Council have to congratulate the Society 
on having held its own during the year, the number of Fellows being 
well maintained, while the finances of the Society remain in a satisfactory 
condition. 

Committees, — The Council have been materially assisted by several 
Committees, which have been constituted as follows : — 

Editing Committee. — The President, Rear- Admiral Maclear, and 
Mr. Scott 

Fog Committee. — The President, Secretaries, Foreign Secretary, 
Messrs. Ellis, Russell, and Williams. 

General Purposes Committee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Brewin, Ellis, Latham, Mawley, and 
Williams. 

Lecture Committee. — The President, Secretaries, Foreign Secretary, 
and Mr. Dines. 

Wind Force Committer — The President, Secretaries, Foreign 
Secretary, Messrs. Chatterton, Curtis, Dines, C. Harding, and Munro. 

Lecture, — In consequence of the premises of the Institution of Civil 
Engineers not having been available for an exhibition, a lecture, in lieu 
thereof, was delivered on March 20th by Mr. W. N. Shaw, F.R.S. The 
subject was " The Motion of Clouds considered with reference to their 
mode of formation." This lecture, which was illustrated by experiments, 
was appreciated by the large audience present on the occasion, and is 
printed in the Quarterly Journal, 

Stations, — Observations have been accepted from the following new 
stations : — Ely, Cambridgeshire ; Woolacombe, North Devon ; Wellington, 
Somerset ; and Bridgend, Glamorganshire. The observations have been 
discontinued at Taunton, North Thoresby, and Windermere. Copies of 
detailed returns for certain stations and annual sunmiaries of results for 
others have been supplied, as usual, to the Meteorological Office. 

Inspection of Stations, — All the stations south of latitude 54° N. and 
west of longitude 2° W., as well as such new stations as could be con- 
veniently visited, have been inspected, and found, on the whole, in a 
satisfactory condition. Mr. Marriott's Report is given in Appendix I., 
p. 101. 

Research Fund, — The Council regret that no donations to this fund 
have been received during the year. 

Library, — Considerable additions by presentation and purchase have 
been made to the Library as well as to the collection of photographs and 
lantern slides. Of these a list will be found in Appendix IV. and V. 
p. 111. 

Quarterly Journal, — This publication has contained several papers of 
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considerable interest, particularly those dealing with frosty floods, galea, 
and sunshine. 

Meteorological Record, — This publication has been brought up to June 
1895, and is now in the fifteenth year of its existence; the Council are 
taking steps to ensure its being issued more promptly in 1896. 

Phenological Report — Mr. Mawley's Report on the Phenological Obser- 
vations for 1894 was read at the February Meeting. It is satisfactory 
to find that the distribution of observing stations is gradually being im- 
proved. 

Offices, — The Council regret to announce that the Society's Offices 
have been scheduled to be taken by Her Majesty's Government. It is u 
yet too soon to say where suitable accommodation can be found, but the 
Council hope that the compensation to be awarded will enable the Society 
to secure new ofiices in the same neighbourhood. 

Pl<ice of Meeting. — Consequent on the rebuilding of the premises of 
the Institution of Civil Engineers, the Council of that body could not 
exercise their usual hospitality to the Society between March and Nov- 
ember. Application was therefore made to the Council of the Surveyors' 
Institution, who very kindly granted free permission to hold the April, 
May, and June meetings at their premises, and most cordial thanks are 
due to them for the use of their rooms. 

Hmir of Meeting, — The change of hour for the evening meetings to 
7*30 seems, on the whole, to have been conducive to the convenience of 
the Fellows, for the attendance has somewhat increased. 

Fellows, — The change in the number of Fellows is exhibited in the 
following table, which shows a decrease of five during the year : — 



Fellows. 


Annual. | Life. 


Honorary. 


1 

Total. 

1 ' 


1894, December 31st 


409 138 


17 


564 

i 


Since elected 

Deceased 

Retired 




1 


1 

+ 33 +1 
- 2 - 2 

-26 




1 

' +34 

- 4 
1 -26 

- 6 

1 

- 3 


Lapsed . 
Defaulters 




- 6 

- 3 


• • • 

• • « 

• • a 


1895, Decembe 


r 31st 




405 


137 


17 


559 



Deaths, — The Council have to announce with much regret the deaths 
of four Fellows. The names are : — 



Arthur James Melhuish, F.R.A.S. 
Thomas Paulin 
James Sidebottom, J. P. 
Beauchamp Charles Wainwright 



elected Jan. 21, 1863. 
Nov. 19, 1873. 
Feb. 18, 1891. 
Dec. 21, 1881. 
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APPENDIX L 

INSPECTION OF STATIONS, 1895. 

the present year I have visited all the stations south of lat. 
I west of long. 2° W. These comprised 6 second order and 
ogical stations. Although at most of them some recommenda- 
cessary, the stations were generally in a satisfactory condition, 
atively few changes had taken place in the zeros of the 
jrs, for out of 167 tested only 10 had altered since the 
mparison. 

rishine recorders were not always in perfect adjustment, the 
•equently not being in the centre of the frame. This is readily 

bum not running parallel with the edge of the card, 
many dry and wet bulb thermometers have a piece of wood 
'OSS the lower part of their scales to hold the tubes in position ; 
uently when low temperatures occur, as was the case during 
this wood hides the end of the column of mercury, and so it 
e to get a reading of the thermometer. I have in. most cases 
bat the wood be either cut through or removed entirely. It 
n advantage if the instrument makers would adopt some other 
iinting the thermometers. 

servations at Princetown were discontinued on February 14th, 
ce of this reached the Society till some months later. I called 
ig Governor of the prison with the view of getting the observa- 
ted. As the result of the interview one of the warders was 
3d as an observer. After a little instruction he appeared 
o undertake the observations, and so I entered into an arrange- 
him for him to carry on the observations on the same terms 

previous observer. On a subsequent visit a few days later I 
rarder taking the observations in a very careful manner. 

William Marriott. 

1895. 



NOTES ON THE STATIONS. 

TWITH, July 22. — The maximum and minimum thermometers 
I against the louvres at the back of the screen, the maximum 
3 top. These were both liable to be shaken by the wind, the 
the maximum sometimes running up several degrees. I re- 

an entire rearrangement of all the thermometers, which the 
idertook to carry out from my directions. The instruments 
y exposed situation in the Castle grounds. I believe the rain 
)t collect the proper amount of rain, as the wind must carry 
jr the gauge. I recommended that another rain gauge should 

and placed in Dr. Thomas's garden in the town. 
ITON, August 19. — There was no change in the zeros of the 
irs. The posts of the thermometer screen had become rotten, 
es were required. The outer cylinder of the rain gauge was 
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leaky, and required repairing. Mr. Amery records the visibility of 
several distant objects, the farthest being the tower near Dartmouth. 

Blackpool, July 13. — There was no change in the zeros of the 
thermometers, but the minimimi had 0°*5 of spirit at the top of the tube. 
The thermometer screen required strengthening. A new road is to be 
made to the east of the Sanatorium, and this may necessitate the moving 
of the thermometers and rain gauge. The ball of the sunshine recorder 
was not in the centre of the frame, nor was the slab level. These I 
readjusted. 

Bolton, July 11. — There was no change in the zeros of the ther- 
mometers. The screen required painting. The ball of the sunshine 
recorder was not quite in the centre of the frame. A 4 -foot earth 
thermometer had been added to the equipment since the last inspection. 
Mr. Midgley has also a 5-inch tin evaporation gauge, which is placed 
under a louvre cage. 

Brampford Speke, August 17. — There was no change in the position 
of the instruments. On comparing the thermometers it was found that 
the dry had gone up 0°*1. 

Bude, August 27. — There was no change in the zeros of the ther- 
mometers. I recommended a rearrangement of the thermometers, and 
also that the screen be painted white. I advised the observer as to the 
management of the wet bulb in frost, and also as to the measurement of 
snow. 

Burghill, July 18. — On comparing the thermometers it was found' 
that the minimum had gone down 0°*3. The screen required painting. 

Castle Hill, August 28. — There was no change in the zeros of the 
thermometers. The tubes of the thermometers required tightening, and 
the screen to be made firmer. 

Cheltenham, August 29. — ^There was no change in the zeros of the 
thermometers, but the minimum had some spirit up the tube. The inside 
of the screen required cleaning. The trees round the rain gauges make a 
considerable angle. 

Chester, July 15. — On comparing the thermometers it was found 
that the minimum had gone down 0°*5. The Rev. J. C. Mitchell has 
also a Richard self-recording hair hygrometer, a barograph, and a storm 
rain gauge. 

Churchstoke, July 17. — There was no change in the zeros of the 
thermometers. The screen required painting and also wedging up. The 
pedestal supporting the sunshine recorder required readjusting, and to be 
made secure. The late evening sunshine is evidently lost, as the trees to 
the west make an angle of 10°. 

Colwyn Bay, July 16. — The Jordan sunshine recorder is exposed on 
the roof of the house. It is put up and let do^vn through a hole in the 
roof, which, however, is too small to put the head through. Dr. Lord 
has also a set of instruments which are placed in an enclosure in a field 
on the Princess Drive. 

CuLLOMPTON, August 15. — There was no change in the zeros of 
the thermometers. I recommended that the inside of the screen be 
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dusted and cleaned, and also that screws be used for suspending the 
maximum and minimum thermometers. The ball of the sunshine 
recorder was not in the centre of the frame. This I readjusted. 

Falmouth, August 22. — There was no change in the zeros of the 
thermometers. Two of the tubes required readjusting, as the divisions on 
the stem did not agree with those on the scales. The screen required 
strengthening. 

GwERNYFED Park, JtUy 20. — On comparing the thermometers it was 
found that the dry and wet had gone up 0°*1. The minimum had 1°*3 
of spirit up the tube. The muslin was dirty and required changing. 

Haverfordwest, Jidy 23. — The instruments are placed in a terraced 
garden on the south side of the High Street. The exposure is good. Dr. 
PhiUips has taken observations for nearly 50 years. He has had a 
Lawson screen, and still takes the readings of a maximum and minimum 
in it for comparison with those in the Stevenson screen. The instruments 
are usually read by Dr. Phillips's assistant, the cloud and wind being taken 
by his nephew, who also enters them up and keeps the record. 

Ilfracombe, August 27. — ^The Stevenson screen and Snowdon rain 
gauge are well exposed in the position described in the Quarterly Journal^ 
voL XX. p. 164. The screen required painting. On comparing the 
thermometers it was found the dry had gone up 0°'5. It is proposed 
to discontinue the old screen at the end of the year, and to turn it into 
a shelter for the use of visitors at the Hotel. 

Lancaster, July 12. — There was no change in the zeros of the 
thermometers. The tube of the maximum was rather loose ; this I set 
right. While I was at the station the screen was moved to another site 
at about the same elevation. The exposure of the screen and rain gauge 
is, in my opinion, much too bleak. I therefore recommended that they 
be removed to a more suitable site. The ball of the sunshine recorder 
was not in the centre of the frame. The stock of the summer sunshine 
cards had been exhausted a week or so previously, and the observer was 
using the winter ones turned upside down. The early morning sunshine 
before 8 a.m. was therefore lost. 

Llandudno, July 16. — There was no change in the zeros of the 
thermometers. The garden in which the instruments are placed has been 
let to another tenant, so they will have to be moved to a comer where 
the exposure will be somewhat more confined than that at present. The 
sunshine recorder had been removed from the pier, and is now in a 
garden on the Conway shore, where the exposure is very good. The 
ball was not in the centre of the frame, but I was not able to readjust it, 
as the slab was screwed so tightly to the post that I could not take it off. 

Malvern, August 30. — The instruments are in the same position as 
at the former inspection. I recommended that the maximum and 
minimum thermometers should be suspended by screws and made secure 
against vibration, also that a small board be placed at the bottom of the 
screw to cut off radiation and reflected heat. 

Monmouth, July 19. — The instruments are on the lawn at the back 
of the school-house. New buildings are being erected, which will make 
the exposure very confined. I therefore selected a new site in the kitchen 
garden. 
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Newquay, August 21. — There was no change in the zeros of the 
thermometers. The posts of the thermometer screen require strengthen- 
ing to prevent vibratioa The ball of the sunshine recorder was not in 
the centre of the frame. 

NoRTHWiCH, July 17. — The screen required washing and painting. 
The muslin on the wet bulb was not clean, but hard and thick with 
incrustation. I impressed upon the observer the necessity of paying 
greater attention to the wet bulb. 

Penzance, August 23. — The instruments were in the same position 
as at the last inspection. I recommended that the screen and rain gauge 
be moved to the middle of the terraced lawn, instead of being so near 
the sloping bank. The thermometers required rearranging in the screen. 
The Campbell-Stokes universal recorder was apparently not registering 
the early and late sunshine. This was due to the ball not being quite in 
the centre of the frame. I endeavoured to adjust this, but could not get 
the ball to keep up in position. 

Princetown, August 20. — I called on the Deputy-Governor of the 
prison, and found that the observations had not been carried on since 
Mr. Durbin left in February. He recommended Mr. K M. Ellis, one of 
the warders, as an observer, who I found was willing to take 9 a.m. 
observations. Evening observations are practically impossible. I gave 
him instruction in the taking of the observations, and set the instruments 
in order. I called again at Princetown on August 26th, and found that 
Mr. Ellis was taking the observations satisfactorily. The only point in 
which he was not quite clear was as to the reading the barometer. He, 
however, speedily mastered this after a few minutes^ explanation. 

Ross, July 19. — The thermometer screen is in a more open situation 
than formerly. I recommended, however, that more grass be laid down 
round the screen. The screws holding the maximum and minimum 
thermometers required to be tightened, so as to make them more secure. 
I recommended that the top of the tree to the south of the rain gauge be 
cut oflF. 

RouSDON, August 14. — There was no change in the zeros of the 
thermometers. I recommended that the thermometer screen be braced 
up to prevent vibration ; and also that a glass vessel with a cap be used 
for the water receptacle. The ball of the sunshine recorder, which is 
the universal pattern, was not in the centre of the frame. Mr. Peek has 
a recording Dines' anemometer mounted on the water tower by the side 
of the Robinson anemometer. The vane, however, is 6 feet higher than 
the cups. The instrument works very satisfactorily. 

SiDMOUTH, August 17. — There was no change in the instruments. 
The upper part of a large tree was blown off in a gale during the winter, 
and so the exposure of the rain gauge is more open. The sunshine 
recorder, which was on the tower of the Knowle Hotel, has been taken 
down on account of building operations. A new site will have to be 
found for the instrument. 

Stow ell, Au^gust 1 3. — There was no change in the thermometers. An 
acacia tree having grown considerably so as to make a large angle with 
the rain gauge, I recommended that the upper part of the tree be 
lopped. 
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Tavistock, August 20. — The instruments were moved to the lawn 
below the house at the beginning of the year, and as several trees have 
been taken down the exposure is very good. The garden is at the top 
of the Bannawell Road, on the northern slope of a valley which descends 
rapidly to the south-east. 

Teignmouth, August 1 6. — There was no change in the thermometers. 
The position of the rain gauge is not satisfactory, but it is the best that 
can be obtained in the garden. 

Torquay, August 16. — The instruments at Gary Green were in good 
order. The sunshine recorders are on the top of Chapel Hill, and are 
well exposed. The frame of the Campbell -Stokes recorder required 
screwing up, as it was somewhat loose. Mr. Chandler has at Chapel 
Hill a Richard barograph and thermograph, and a Casella recording em- 
bossing anemometer, as well as a set of ordinary instruments. 

Wellington, August 15. — The instruments are in a garden to the 
south of the church, and on the highest ground in the neighbourhood. 
The exposure, however, is somewhat confined. The screen was only 
about 3J feet above the ground, and had the door opening to the west. 
I recommended that the screen be raised to 4 feet, with the door opening 
to the north. 

Weston-super-Mare, August 29. — On comparing the thermometers 
it was found that the maximum had gone up 0°'l. The minimum had a 
little spirit at the top of the tube. The screen required painting and 
strengthening. 

WoOLACOMBE, August 28. — The instnunents are placed in the grounds 
facing the Woolacombe Hotel. The exposure is very good. Hills extend 
from north-west through north and east to south, broken only by a valley 
to the east. The place is open to the sea from south to north-west. On 
comparing the thermometers it was found that the dry had gone up 0°'2 
and the wet 0°'l. Mr. Henshall contemplates making this a second order 
station, and also procuring a sunshine recorder. 
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APF 



STATEMENT OF RECEIPTS AND EXPENDITT 



RECEIPTS. 










Balance from 1894 ..... 


• 




• 


£194 1 


Subscriptions for 1895 .... 


. £692 


1 


6 




Do. fonner years 


52 










Do. paid in advance . 


28 










Life Composition ..... 


21 










Do. —Additional (Mr. R. H. Scott) . 


9 










Entrance Fees ..... 


38 








kA(\ 1 



Meteorological Office — Copies of Returns . . £100 5 10 

Do. Grant towards Inspection Expenses 25 



126 5 



Dividends on Stock (including £20 : 5 : 8 from New 

Premises Fund) ..... 

Sale of Publications ..... 



95 
26 



£1282 
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YEAE ENDING DECEMBER 31, 1895. 



EXPENDITURE. 










di'C. — 










93 to 96 . . . £112 


1 


9 






44 


14 









es . . . . . .17 


2 


6 






1 Record, Nos. 55 to 58 . . 48 


16 


6 






eral's Reports .... 8 


8 





£231 2 


g 


<t'C. — 






0&<Cltf Jl id 


4/ 


ing . . £20 


3 


6 






19 


7 


9 






»ok-Binding . .17 


6 


1 


56 17 


4 


Tenses — 






UM 1. 1 


TZ 


£438 


4 


10 






isekeeper ..... 200 












3, &c. . . . . .10 


19 


10 






46 17 


4 






es ...... 18 


2 


10 






at Meetings . .14 


12 


9 






nses ...... 10 


10 









returned ..... 2 








741 7 


t 


ons — 






§ 


Stations . . £46 


3 


3 






10 


2 









■ • • • ■ • X 


6 


3 


57 11 


6 


■ 90 : 6 : 2, 2^ per cent Annuities 






O 1 X J. 

93 





• 


£1179 19 


2 


Ingland ..... £99 





7 






Lssistant-Secretary .... 3 


2 


8 


102 3 


3 








<j 




£1282 2 


6 


d, compared with the Vouchers, and found correct, 






FREDC- GASTEK 


• 


} 








7 


Auditors. 




M. JACKSON, 








1896. 
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APPENDIX 
ASSETS AND LIABILITIES 



LIABILITIES. 

To Subscriptions paid in advance ...... £28 

,, Excess of Assets over Liabilities ^ ..... 3092 12 2 



£3120 12 2 



1 This excess is exclusive of the value of the Library and Stock of Publications. 

Wm. MARRIOTT, Assistant- Secretary, 



NEW PREMISES FUND, 



Amount paid to tbe Society's Funds towards the increased rent of the 

New Premises ........ £20 6 8 

Amount invested in purchase of £10:4:8 South Australian 3^ per cent 

Inscribed Stoclc . . . . 11 



£31 5 8 



RESEARCH FUND, 



Amount invested in purchase of £2 : 16 : 2, 2f per cent Consols . £8 1 
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//. — Continued, 



ON JANUAEY 1, 1896. 



ASSETS. 

By Investment in M. S. and L. R. 4^ per cent Debenture 
Stock, £800 at 156 

Investment in N. S. W. 4 per cent Inscribed Stock, 
£654 : 18s. at llSf ..... 

Investment in L. & N. W. R. Ordinary Stock, £200 
at 186i ...... 

Investment in 2 J per cent Annuities, £231 : 11 : 9 at 103g 

Subscriptions unpaid, estimated at 
Entrance Fees unpaid . 
Interest due on Stock . 

Furniture, Fittings, &c. 
Instruments 

Cash at Bank of England 

Cash in hands of Assistant-Secretary 



£1248 

755 11 10 

372 10 

239 8 1 



£50 








6 








51 


11 


5 


£205 


3 





90 


4 


7 


£99 





7 


3 


2 


8 



£2615 9 11 



107 11 5 



295 7 7 



102 3 3 



Examined, 



January 8, 1896. 



FREDC GASTER, 
M. JACKSON, 



} 



£8120 12 2 



Auditors, 



DECEMBER 31, 1895. 



Contributions of Fellows . 
Interest received on investment 



£11 
20 5 8 

£31 5 8 



Note, — The Society holds on account of this Fund £1209 : 4 : 10 South Australian 

3|^ per cent Inscribed Stock. 

Examined, 

FREDC GASTER, \ , ,. 

j- Avditors. 



Jamuxry 8, 1896. 



M. JACKSON, 



DECEMBER 31, 1895. 



Interest received on investment 



£3 1 



Note, — The Society holds on account of this Fund £115 : 10 : 7, 2| per cent Consols. 

Examined, 

FREDc GASTER, 

Jarmary^ 1896. M. JACKSON, 



} 



AvdUors. 
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APPENDIX III 
OBITUARY NOTICES. 

Isaac Brown was bom at Amwellbury, a farm near Ware in He 
fordshire, in the year 1803. He was a member and minister of the Society; 
of Friends, and throughout his long life showed forth in a remarkabl 
degree some of the old Quaker characteristics of cultivation and refinemezi ^* 
of mind, largeness of heart, and gentleness of spirit. These qualities founczzB 
a fitting sphere in his special vocation of a schoolmaster, first, in his o 
private school at Hitchin in 1829, at Dorking in 1845, and in later y 
as Principal of the Friends' Flounder's Institute, which was established 
1848, at Ackworth in Yorkshire, a post which he retained for twenty-i 
years. 

All those who came within the sphere of his influence in this capaci 
could bear witness to the thoroughness and conscientiousness of his teac 
ing, qualities which naturally belong to a bent of mind turning wi 
pleasure to the fields of science. 

It was essentially so in the case of Isaac Brown. Precluded by 
life work from making science his distinctive vocation, he gave to L 
scientific interests a perseverance and accuracy which kept him 
to and rendered valuable the limited amount of practical work he 
able to imdertake. 

Next to Astronomy, Meteorology, akin, in a measure, in its lines 
research, possessed for him special attractions. While at the Flounde; 
Institute he kept a regular record of rainfall, of maximum and minim 
temperature, of hygrometrical changes, and of the barometer, etc., an 
for at least part of the time, notes of cloud in its proportional relation 
the sky. The hour of observation was 9 a.m. 

In 1870, on resigning his appointment at the Institute, he went 
Brantholme, Kendal, settling there for the remainder of his life. Durin 
this time his meteorological observations were recorded in the Ken 
papers, and when himself incapacitated, through failing health, he taugh— ^•^ 
one of his servants to read the thermometer and register the rainfalL 

Isaac Brown was twice married, and had six children by his first wifei^^^' 
four of whom survive him. 

The shadows of age overtook him without the slightest impairment oi^*^^ 
intellect, without the smallest lessening of interest in the afiairs of others^r-^^ 
or of the world he lived in. 

Science still possessed the old charm, and many of his most recen 
letters, written in a fine distinct handwriting, testify to the 
with which his thoughts followed all modern discoveries and all dawmn^ 
lights ; while the peace of a finished career, of private rather than public 
interest, possessing no stirring features, but rich in the love of friends, 
the content of duty done, and the calm of a chastened spirit, made his 
latter days a fitting sequel to the whole tenor of his long Itfe. 

He died on November 3, 1895. 

He was elected a Fellow of this Society on June 4, 1850. The very 
day of the election of our present respected treasurer, Mr. Perigal. 

He was also a Fellow of the Royal Astronomical Society for forty- 
four years. 
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Arthur James Melhuish was born in London in 1829. In 1853 
Harried Caroline Powell, of Tiverton, Devonshire, by whom he had 
n children — three sons and four daughters. He lived for some years 
lackheath, but came to London in 1863, and resided for many years 
2 York Place, Portman Square (the house formerly occupied by 
iam Pitt). He died at Brondesbury on November 1, 1895. 
Ln 1873 he started, in conjunction with Mr. Alfred Wilcox, the 
'ch of England Pulpit and Ecclesiastical Review^ which is still carried 
-hough now in other hands. He was the author of a work on Mental 
lysis, and of many papers published in various magazines — "The 
ogy of the Bible," " Truth about Ghosts," " Good Fools," etc. 
Mr. Melhuish was for many years Secretary of the Amateur Photo- 
hie Society : he was also a Fellow of the Koyal Astronomical Society. 
H[e was elected a Fellow of this Society on January 21, 1863. 

Beauchamp Charles Wainwright was the eldest son of Charles 
es Wainwright, of Elmhurst, East Finchley. He was born in London 
Lpril 11, 1860, and was educated at Brentford and at University 
3ge School, London. He died at Geraldton, Western Australia, after 
V days' illness, from influenza and a weak heart, on April 12, 1895. 
Sir. Wainwright took an active interest in the welfare of the Society, 
on many occasions rendered valuable services at the meetings with 
antern. 
ile was elected Fellow of this Society on December 21, 1881. 



APPENDIX IV, 
BOOKS, Etc., PURCHASED DURING THE YEAR 1895. 

i^RRAL, F. A. — Le climat de Mad^re et son influence th^rapeutique sur la phthisic 
^naire. Traduit du Portugais, par le Docteur P. Gamier. 8°. (1858.) 
^.RTHOLINUS, C. — Specimen philosophise natnralis, pnecipua physices capita ex- 
is. In gratiam Juventutis Academicie. Accedit de Fontium Fluviorumque Origine 
uviis Dissertatio Physica. 12^ (1703.) 

ROCKLESBY, J. — Elements of Meteorology, with questions for examination, designed 
hools and academies. Second edition. 12°. (1849.) 

LEGHORN, G. — Observations on the epidemical diseases in Minorca, from the year 
to 1749. To which is prefixed a short account of the climate, etc., of that island. 
I edition. 8°. (1768.) 

EASTIE, A. — A treatise on the nature and causes of the yellow fever. To which is 
i a series of meteorological tables, kept by the author, showing the medium tem- 
ure and general state of the weather throughout the Archipelago and Levant during 
ears 1825, 1826, 1827 and 1828. 8°. (1830.) 

ELLMAXN, G. — Neudrucke von Schriften und Karten iiber Meteorologie und 
lagnetismus. No. 4. E. Halley, W. Whiston, J. C. Wilcke, A. von Humboldt, 
insteen. Die altesten Karten der Isogonen, Isoklinen, Isodynamen, 1701, 1721, 
1804, 1825, 1826. Sieben Karten in Lichtdruck mit einer Einleitung. 4^ (1895.) 
FFiciAL Year- Book of the Scientific and Learned Societies of Great Britain 
reland. 1895. 8°. (1895.) 

ARTINQTON, C. F. — A Manual of Natural and Experimental Philosophy. 2 vols. 
(1828.) 

'^HITE, R. — Madeira, its climate and scenery. Second edition. Edited by J. Y. 
ion. 12^ (1857. ) 
''godhead, G. — Atmosphere : a philosophical work. 8°. (1852.) 
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LANTERN SLIDES. 

Artists' Zigzag Lightning. 

Chabts of Minimum Temperature during the Frost of January and February 1895 
(6 slides). 

CoACH-AND-Six ON IcE on the Thames at Oxford, February 1895. 

Herschel's Table of the Weather. 

Letter of Sir W. Herschel denying prognostications of the weather. 

Merrtweather's Tempest Prognosticator. 

Parliament Street, Ramsey, Isle of Han, after snowstorm, February 1895. 

Skating on the Serpentine, February 1895. 

Skating on Windermebe, February 1895. 



APPENDIX V. 
DONATIONS RECEIVED DURING THE YEAR 1895. 

Presented by Societies, Institutions, etc. 

Adelaide Observatory. — Rainfall in South Australia and the Northern Territory, 
1893. 

Allahabad, Meteorological Office. — Annual Statement of Rainfall in the North- 
western Provinces and Oudh, 1894. 

Antwerp, Soci6t6 Royale de G^ographie. — Congr^ de I'Atmosph^re, 1894. 

Barbados, Colonial Secretary's Office. — Returns of Rainfall in Barbados, 1895. 

Batavia, Magnetical and Meteorological Observatory. — Observations, 1898. 
— Rainfall in the Eiast Indian Archipelago, 1893. 

Berlin, Deutsche Meteorologische Gesellschaft. — Berliner Zweigverein. 
Zwolftes Vereinsjalir, 1895. — Meteorologische Zeitschrift, Dec. 1894 to Nov. 1895. 

Berlin, Gesellschafi* fur Erdkunde. — Verhandlungen, Band xxi. No. 10 to 
Band xxii. No. 9.^— Zeitschrift, Band xxix. No. 6 to Band xxx. No. 5. 

Berlin, Koniglich Preursisches Meteorologisches Institut. — Bericht uber 
die Thatigkeit im Jahre 1894. — Ergebnisse der Beobachtungen an den Stationen IL und 
III. Ordnung im Jahren 1891, Heft 3 ; 1894, Heft 2 ; 1895, Heft 1.— Ei^ebnisse der 
Grewitter- Beobachtungen im Jahre 1891. — Ergebnisse der meteorologischen Beobach- 
tungen in Potsdam 1893-4. — Ergebnisse der Ni^erschlags-Beobachtungen, 1893. 

Bidston, Liverpool Observatory. — Report of the Director of the Observatory, 
1894. 

Bombay, Meteorological Office. — Brief Sketch of the Meteorology of the Bombay 
Presidency in 1894-5. 

Boston, New England Weather Service. — Annual Summary, 1898. — Bulletin, 
Nov. 1894 to Oct. 1895.— -Observations, 1893. 

Bremen, Meteorologische Station. — Elrgebnisse der meteorologischen Beobach- 
tungen, 1894. 

Brisbane, Chief Weather Bureau. — Observations taken at Meteorological Stations 
in Queensland, Oct 1893 to Aug. 1894, and Oct. to Dec. 1894.— Summaries of Rdn&ll, 
Oct. 1893 to Dec. 1894. — Weather Charts of Australasia, Feb. to June and Aug. to Sept 
1895. 

Brisbane, General Register Office. — Annual Report by the Re^trar-General 
on the Vital Statistics of Queensland, 1894. — Report on the Vital Statistics, Nov. 1894 
to Oct 1895. 

Brisbane, Royal Geographical Society of Australasia (Queensland Branch). 
— Proceedings and Transactions, vol. x. 1894-5. 

British New Guinea, Government Secretary's Office. — Dispatch reporting 
tour of inspection made by His Honour the Administrator of British New Guinea, ex- 
tending from Manu Manu on the coast of the possession to the Owen Stanley Range in 
the interior. — Meteorological Observations taken at Dam (Western Division), 1894. — 
Meteorological Observations taken at Port Moresby, Jan. to June 1894. 

Brussei/j, Ac ad Am IE Royale. — Annuaire, 1894-5. — Bulletins, 3me serie, tome 
xxvi.-xxix. 1893-5. 

Brussels, Observatoire Royale de Belgique. — Annales Observations met^ro- 
logiques d'Uccle, Aug. and Sept. 1893. — Annuaire, 1895. — Bulletin M^teorologique, 
Dec. 1894 to Nov. 1895. 
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Bucharest, Institute M^t^okologique de Roumanie. — Annales, 1893. — 
Boletinul Observatiunilor Meteorologice din Romania, Dec. 1894. 

Budapest, Koniol. Ung. Central - Anstalt fUr Meteorolooie und Erd- 
MAGNETISMUS. — Jahrbnch, 1892. 

Cairo, Soci£t£ Khj^iyiale de Geographie.— Bulletin, 4me s^rie, Nos. 3 to 6. 

Calcutta, Meteorological Department of the Government of India. — Daily 
Weather Charts of the Indian Monsoon Area, June 16, 1894, to April 22, 1895. — India 
Daily Weather Reports, Dec. 8, 1894, to Dec. 6, 1895. — Indian Meteorological Memoirs, 
Yol. V. parts iv.-x., vol. vii., parts i.-iv. — Instructions to Observers of the Indian Meteoro- 
logical Department, by J. Eliot. — Memorandum on the Snowfall in the mountain 
districts bordering Northern India and the abnormal features of the weather in India 
during the past five months, with a forecast of the probable character of the South-west 
Monsoon rams of 1895.— Monthly Weather Review, July 1894 to July 1895.— Rainfall 
Data of India, 1894. — Registers of original observations, reduced and corrected, July to 
Dec. 1894. — Report on the Administration of the Meteorological Department of the 
Government of India, 1894-5. 

Carlsruhe, Cbntralbureau fUr Metborologie und Htdrooraphie im 
Grossherzoothum Baden. — Die Ergebnisse der meteorologischen Beobachtungen, 
1894. — Niederschlagsbeobachtungen im Grossherzogthum Baden, 1888, parts i. and ii. ; 
1894, part iL ; and 1895, part i. 

Chemnitz, Konigl. sachisches meteorologisches Institut. — Jahrbnch, 1894, 
1 Halfte. 

Copenhagen, Danske Meteorologiske Institut. — Bulletin M^t^orologique du 
Nord, Dec 1894 to Nov. 1895.— Meteorologisk Aarbog, 1891, part ii ; 1892, part ii. ; 
and 1894, part iii. 

Cordoba, Academia Nacional de Ciencias. — Boletin, tomo xiv., Entrega 1 
and 2. 

Cracow, K. K. Stsrnwarte. — Meteorologische Beobachtungen, Aug. 1894 to June 
1895. 

Crotdon, Microscopical and Natural History Club. — Daily Rainfall in the 
Croydon district, Dec. 1894 to Oct. 1895. 

Dorpat (Jurjew), Kaiserliche livlandische gemeinnutzige und okonomische 
Sozietat. — Bericht iiber die Ergebnisse der Beobachtungen an den Regenstationen, 
18924. 

Dublin, General Register Office. — Annual Report of the Registrar -General 
(Ireland), 1894. — Supplement to the twenty-seventh Report of the Registrar-General. — 
Weekly Returns of Births and Deaths, 1895. 

Dublin, Rotal Irish Academy. — Proceedings, third series, voL iii No. 3. 

Edinburgh, Fishery Board for Scotland. — Report, 1894, part i. 

Edinburgh, General Register Office. — Quarterly Returns or the Births, Marriages, 
and Deaths, registered in Scotland for the year ending Sept. 80, 1895. 

Edinburgh, Royal Scottish Geographical Society. — Scottish Geographical 
Mamzine, 1895. 

FiUMB, I. R. Accademia di Marina. — Meteorological Observations, July 1894 to 
June 1895. 

Geneva, Sogi^£ de Geographie. — Le Globe, tome xxxiv. 

Greenwich, Royal Observatory. — Magnetical and Meteorological Observations, 
1892. — Report of the Astronomer Royal to the Board of Visitors, June 1, 1895. 

Hamburg, Deutsche Seewarte. — Aus dem Archiv, 1894. — Ergebnisse der meteoro- 
logischen Beobachtungen an 10 Stationen II. Ordnung und an 45 Signalstellen, sowie 
ttiindliche Aufzeichnungen an 2 Normal-Beobachtun^-Stationen, 1893. — I. Nachtrag 
zom Katalog der Bibliothek. — Siebzehnter Jahres-Bencht iiber die Thatigkeit fiir das 
Jahr 1894.— Wetterbericht, 1895. 

Helbingfors, Soci^ti DE geographie de Finlande. — Travaux g^graphiques 
ez^t^ en Finlsjide. 

Hongkong, Observatory. — China Coast Meteorological Register, 1894. — Extract 
of Meteorological Observations, June to Oct. 1895. — Observations and Researches, 
1894. 

Jamaica, Goyenment Meteorologist.— Jamaica Rainfall, 1898. — Weather Report, 
Nov. 1894 to Aug. 1895. 

Jurjew (Dorpat), Meteorologisches Observatorium der Eaiserlichen Uni- 
yebsitat. — GewitterbNBobachtungen angestellt in Liv- und Estland im Jahre 1894. 

Kazan, Obsebyatoire MAGNfeTiQUE de L'lJNiVERSiTi Imp^riale. —Observations, 
Sept 1894 to Feb. 1895. 

Ejcw, Observatory. — Report of the Eew Committee, 1894. 

KiEW, Obsebyatoire MifrrtoROLOGiQUE de l'UniversitA.- Observations, Oct. 
1893 to March 1895.^X)ouche do neige de Tannic 1893-4 dans le bassin du Dnieper, 
par Prof. P. Broounof. — Dur^e de la prise des fleuves et rivieres et celle de la couche de 

I 
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neige en 1898-4, par Prof. P. Broounof. — Materiaux pour T^tude des d^pdts da basain 
du Dnieper, July to Dec. 1893, par. Prof. P. Broounof. 

La GUARDIA, ObSERVATOBIO M£T£0R0L6oIC0 del CoLEOIO DE la COMPAi^IA DE 

Jesi^s. — Cuademo Tercero. 

Lansing, Michigan State Board of Health. — Report of the Secretary for the 
year ending June 30, 1892. — Principal Meteorological Conoitions in Michigan, 1892. 

Leon, Escuela de Instruccion Secundaria. — Resumen general de las obeerva- 
ciones meteorologicas, 1894. 

Lisbon, Academia Real das Sciencias. — Jomal de Sciencias Mathematicas, 
Physicas, e Naturaes, Nos. 46-48, 1887-8, segunda serie, tomo L-iiL 1889-95.— 
Memorias, nova serie, tomo vi. part ii. — Sessao Publica em 17 de Dezembro de 
1893. 

Lisbon, Sociedadb de Geographia. — Boletim, 13a serie. No. 10, to 14a serie, 
No. 3. 

London, British Association fob the advancement of Science. — Report, 1894. 

London, Colonial Office. — Annual Meteorological Report, Straits Settlements, 
1894. — Annual Report on the State of Negri Sembilan, 1893-4, by the Hon. M. Lister. 
— Annual Report on the State of Perak, 1893, by F. A. Swettenluun. — ATiTii^ifcl Report 
of the State of Selancor, 1893, by W. H. Treacher. — Annual Report on the States of 
Sungei Ujong and Jelebu, 1893-4, by R. N. Bland and the Hon. M. Lister. — ^Report 
of a visit to the Cocos- Keeling Islands, 1894, by H. Clifford. 

London, General Register Office. — Annual Summary of Births, Deaths, and 
Causes of Death, in London and other large towns, 1894. — Quarterly Returns of 
Marriages, Births, and Deaths, for the year ending Sept. 80, 1895. — ^Weeldy Returns of 
Births and Deaths, 1895. 

London, Geological Society. — Quarterly Journal, vol. li. 1895. 

London, Institution of Electrical Engineers. — Journal, Nos. 11^118. 

London, Junior Engineering Society. — Record of Transactions, voL iv. 1898-4. 

London, Meteorological Office. — Dailjr Weather Reports 1895. — Hourly Means 
at the five observatories under the Meteorological Council, 1891. — MeteorologicflLi Charts 
of the Red Sea. — Meteorological Observations at Stations of the Second Order, 1890-1, 
with Appendix giving results for certain stations for the 15 years 1876-90. — Report of 
the International Meteorological Committee, Upsala, 1894. — Weekly Weather Keport, 
1895. — Report of the Meteorological Council to the Royal Society for the year ending 
March 31, 1894. — Address of Lieut.-Gen. Sabine, the President, delivered at the Anni- 
versary Meeting of the Royal Society, on Nov. 30, 1868. — Askvadren i Finland, 1892-3, 
af A. F. Sundell. — Bodenphvsikalische meteorologische Beobachtungen, mit b^onderer 
Beriicksichtigung des Nachtfrostphanomens, von T. Hom^n. — Bulletms m6t^rologiqaes 
publics par la 6me section de la Soci^t^ d'encoun^ment de Tindustrie et du commerce 
a Yarsovie, 1892. — Bulletin quotidien de I'Alg^rie, Dec. 1894 to June 1895, and Ang. 
to Nov. 1895. — Comparative Rainfall, Colony of the Gambia, 1890-4. — Con&onto delk 
Temperatura all' Osservatorio Etneo ed all' Osservatorio di Catania, del A. Rioco h G. 
Saija. — Die Resultate der meteorologischen Beobachtungen auf der "Petrinwarte" in 
Prag, von Dr. F. Augustin. — List of Oceanic Depths and Serial Temperature Obeerva- 
tions received at the Admiralty during 1888 from H.M. Surveying Ships, etc. — ^Meteoro- 
logical Observations taken at Suva, Fiji, 1893-4, by J. D. W. Vaughan. — Meteorologioal 
Report for Western Australia, 1891.— -Observations Internationales Polidres, 1882-3. 
ExpMition Danoise, Observations faites h Godthaab, tome i. liv. ii. — Oa»ervazioni 
Puteometriche eseguite nell' Osservatorio di Catania, del A. Rioco ed S. Arcidiaoono. — 
Report of the Royal Cornwall Polytechnic Society, 1894. — Report on the Meteorology 
of Ceylon, 1894. 

London, Physical Society. — Proceedings, 1895. 

London, Royal Agricultural Society. — Journal, third series, vol. v. part iv. to 
voL vi. part iii. 

London Royal Astronomical Society. — Memoirs, voL li, 1892-5. — Monthly 
Notices, vol. Iv. No. 2 to vol. Ivi. No. 1. 

London, Royal Botanic Society. — Quarterly Record, 1896. 

London, Royal Geographical Society. — Geographical Journal, July to Dec 
1895. 

London, Royal Institution of Great Britain.— Proceedings, No. 88. 

London, Royal Society. — Proceedings, Nos. 340 to 352. 

London, Sanitary Institute. — Journal, vol. xv. part iv. to voL xvL part ill 

London, Sixth International Geographical Congress. — Catalogue of Ex- 
hibition. 

London, Society of Arts. — Journal 1895 — Index to vok. xxxL to xL (1882-92) of 
the Journal. 

Madras, Meteorological Office. — Daily Weather Charts, April 1894* to 
Feb. 1895. 
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Madbid, Obsebvatorio. — Observaciones Meteorol6gicas, 1892-3. — Resumen de 
las obseryaciones meteorol6gicas efectuadas en la Peninsula y algunas de sua Islas 
adyacentes, 1891-2. 

Madrid, Sociedad Geogbaphica. — Boletin, tomo xxxvi. No. 11 to tomo xxxvii. 
No. 6. 

Manchesteb, Litebaby and Philosophical Society. — Memoirs and Proceedings, 
fourth series, vol. viii. No. 4 to voL xi. No. 6. 

Manila, Obsebvatobio Meteobol6gico. — Baguios 6 Tifones de 1894, por El P. 
Jos^ Algue, S.J. — La Seismologia en Filipinas, por el P. M. S. Mas6. — La Meteoro- 
logica en la Exposici6n Colombina de Chicago (1893), Memoria escrita por los P. P. F. 
Faura y J. Algu^. ^Observaciones verificadas, Nov. and Dec. 1893, and Feb. to 
Dec. 1894. 

Mablbobouoh, College Nattjbal Histoby Society. — Report 1894. 

Maubitius, Royal Alfbed Obsebvatoby.— Results of Meteorological Observa- 
tions, 1894. 

Melboubne, Obsebvatoby.— Record of Results of Observations in Meteorology, 
Terrestrial Magnetism, etc., April to Dec. 1894. 

Mexico, Obsebvatobio Meteobol6gico Centbal. — Boletin Mensual, Jan. to Sept. 
1895. — Resumen, Nov. and Dec. 1894. 

Milan, R. Obsebvatobio Astbonomico di Bbeba. — Osservazioni Meteorologiche, 
1894. — Sulla Teoria dei cicloni, Ricerche di L. de Marchi. 

Montevideo, Obsebvatobio Meteobol6gico del Colegio Pio de Villa Col6n. 
— Boletin Mensual, Oct. and Dec. 1894. 

Montevideo, Sociedad M£TE0B0l6gica Ubuguaya. — Resumen de las observa- 
ciones pluviom^tricas efectuadas en el primer y segundo trimestre, Jan. to June del alio 
de 1895. 

Moscow, Soci^t^ Imp^biale des Natubalistes. — Bulletin, 1894, No. 3, to 
1895, No. 2. 

Moscow, UNiVEBSiTfe Impebiale. — Observations faites k la Station M^t^orologique, 
Nov. 1892 to March 1896. 

Munich, K. B. Meteobologische Centbal- Station. — Beobachtungen der meteoro- 
logischen Stationen im Kon. Bayem, Jahrgang XVI. Heft 4 to Jahrgang XVII. Heft 
2. — Uebersicht iiber die Witterungsverhaltnisse im Kon. Bayem, Nov. 1894 to Oct. 1895. 

Natal, Obsebvatoby. — Report of the Superintendent for the year 1893-4. 

Newhaven, Connecticut Academy of Abts and Sciences. — Transactions, vol. 
ix. part ii. 

Wewhaven, Yale Univebsity Obsebvatoby.— Report 1894-5. 

New Yobk, Academy of Sciences. — Transactions, vol. xiii. 1893-4. 

New Yobk, Centbal Pabk Obsebvatoby. — Abstracts of Registers from self- 
recording instruments, Nov. 1894 to Oct. 1895. 

O-Gyalla, Meteorologisch-Maonetisches Centbal-Obsebvatobium. — Beobach- 
tungen, April 1893 to Sept. 1895. 

Ottawa, Geological Subvey of Canada. — Report, vol. vi. 1892-3. — Maps. 

Pabis, Bubeau Centbal MfiTfiOBOLOoiQUE de Fbance. — Bulletin International, 
1895. 

Pabis, Soci6t6 MfiTfiOBOLOGiQUE de Fbance. — Annuaire, Oct. 1894 to March 1895. 

Philadelphia, Ambbican Philosophical Society. — Proceedings, Nos. 143, 146, 
and 147. 

PoLA, K. K. Hydbooraphisches Amt. — Meteorologische und magnetische Beobach- 
tungen, Nov. 1894 to Sept 1895. 

rRAOUE, K. K. Sternwarte. — Magnetische und meteorologische Beobachtungen, 
1894. 

PuEBLA, Observatorio Meteorol6gico del Colegio del Estado. — Resumen 
correspondiente d cada dia, Jan. 1894 to July 1895. — Resumen general correspondiente al 
afiode 1892 and 1893. 

Rio de Janeiro, Commissao Geographica e Geologica do Estado de Minas 
Gebaes. — Boletim, No. 2, Subsidies para o estudo do Clima do Estado de Minas Geraes, 
por A. de A. Lacerda. 

Rio de Janeiro, Observatory. — Annuario, 1894-5. 

Rome, Societa Sismologica Italiana. — BoUettino, vol. i. Nos. 1-6. 

Rome, Specola Vaticana. — P. Francesco Denza, Cenni Necrologici. 

Rome, Ufficio Cbntrale Meteorologico e Geodinamico Italiano. — Annali, 
scrie seconda, voL xii. part ii. 1890. — Rivista Meteorico- Agraria, Anno XVI. 1895, 
Nos. 8 to 34. 

St. Louis, Missouri, Botanical Garden. —Annual Report, 1895. 

St. Petersburg, Kaiserl. Russische Geographische Gesellschaft. — Beo- 
bachtungen der russischen Polarstation an der Lenamiindung. I. Theil, Astronomische 
und magnetische Beobachtungen, 1882-4. 
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St. Petersburg, Eaiserliche Akademie der Wissenschaften. — Repertoriom 
fiir Meteorologie, Band xvii. 

St. Petersburg, Physikalisches Central - Observatorium. — Annalen, 1893, 
parts i. and ii. — Der jahrliche Gang und die VertheUung der Feuchtigkeit der Luft in 
Kussland nach den Beobachtungen von 1871-90, von A. Kaminskij. 

San Fernando, Instituto y Observatorio de Marina. — Anales, seccidn 2a, 
Observaciones meteorol6gicas y magn^ticas, 1893. 

San Jos^, Instituto Fisico-GEOGRAPHico Nacional de Costa Rica. — Anales, 
tomo V. 1892. 

San Salvador, Observatorio Astron6mico y Meteorol6gico.— Anales, 1893-4. 
— Observaciones meteorol6gicas, Oct to Dec. 1892. Resumen Anual, 1892. 

SiLVERTOWN, InDIARUBBER, GuTTA-PeRCHA, AND TELEGRAPH WORKS COMPANY. 

—Soundings, 1889-94. 

Sophia (Bulgaria), Station Centrale Mi^t^orologique. — Bulletin mensuel, 
Dec. 1894 to Nov. 1895. 

SouTHPORT, Meteorological Department. — Report and Results of Observations, 
1894, by J. Baxendell. 

Stockholm, Acad^mie Roy ale des Sciences de SuIide. — Nagra anmarkningar 
om luft - elektricitetens variationer vid barometriska minima och maxima, af S. A. 
Andr^e. — Om yrsnon i de arktiska traktema, af S. A. Andr^ — Meteorologisk dagbok 
under en resa i Efflmten, Arabien och Nubien aren 1836-7, af B. Cronstrand— 
lakttagelser rorande Kiotblixt, af E. Edlung. — Molnens hojd i Upsala under Sommaren, 
af N. Ekholm och K. L. Hagstrom. — Om atmosferens hbjd via olika arstider, af E 
Gylden. — La radiation des nuages sup^rieurs autour des minima barom^triqaes, par 
H. £. Hamberg. — Nederbordens manga pa nakna och skogbevaxta asar i norra Halland, 
af H. E. Hamberg. — Om luftens olma grad af genomskinlighet i Upsala, af H. £. 
Hamberg. — Ett ovanligare askvadersfenomen, meddelande af H. Hudebrandsson.— 
Om nederbordens forandringar i Sverige under sommarhalfaret, af S. A. Hjeltstrbm. 
— Undersokning af nagra felkallor vid nederbordsmatning, af S. A. Hjeltstrom.— En 
hypotes om det " Roda skenets" uppkomst, af C. E. af Klercker. — Nagra upplys- 
nmgar rorande islaggningen vid Sveng&s kuster vintem, 1870-71, af C. B. lillienook. 
— ifndersokningar ofver atmosferens kolsyrehalt, af A. Palmqvist. — Om temperator- 
och fuktighets-forhallendena i de nedersta luftla^n vid daggens bildaoide, af B. 
Rubenson. — Om uppkomsten af ett barometriskt depressions-centrum i det inre »f 
Sverige den 11 Maj 1873, af R. Rubenson. — Finnes, utom dimmor och moln och 
annan synlig utfallning, flytande eller fruset vatten i atmosferen ? af K. H. Sohlberg- 
— Forsok ofver den atmosferiska luftens fuktighet, af K. H. Sohlberg. — Ein neacs 
Hygrometer, von K. Sonden. — Bidrag till kannedomen om vindfdrhallandena i ^ 
Spetsbergen omg^fvande delame af Norra Ishafvet, af A. Wijkander. — lakttagels^ 
ofver luftelektriciteten under den Svenska polarexpedition 1872-3, af A. Wykand©^^- 
— Om norrskenets spektrum, af A. Wykander. 

Stockholm, Meteorologiska Central- Anstalten. — Manadsbfversigt af Vad^^' 
leken i Sverige, Nov. 1894 to Oct. 1895. 

Strassburg, Leiter des meteorologische Landesdienstes in Elsass-LoC^ 
ringen. — Ergebnisse der meteorologischen Beobachtungen im Reichsland Els^--^ 
Lothringen, 1893. 

Sydney, Observatory. — Meteorological Observations, July 1894 to Feb. 1895- 
Results of Rain, River, and Evaporation Observations in New South Wales, 1898- 
Weather Charts, 1894. 

Sydney, Royal Society of New South Wales. — Journal and Proceedin^^ 
vol. xxviii. 1894. 

Tacubaya, Observatorio Astronomico Nacional. — Anuario, 1896. — Las Lluv^^ 
en Tacubaya, por M. Moreno y Anda. 

TiFLis, Physikalische Observatium.— Beobachtungen, 1892-3.--BeobachtuDg*'^ 
der Temperatur des Erdbodens, 1888 und 1889. 

ToKio, Central Meteorological Observatory. — Annual Report, 1894, part i. 

ToKio, Imperial University of Japan. — Calendar, 1894-5. 

Toronto, Meteorological Office.— Monthly Weather Review, June 1894 to Ju^^ 
1895. — Toronto General Meteorological Register, 1894. 

Trieste, I. R. Osservatorio Astronomico -Meteorologico. — Osservazio-** 
meteorologiche, Aug. 1893 to June 1895. 

Trieste, Osservatorio Astronomico-Meteorologico. — Rapporto axmuale, 189 

Turin, Osservatorio della R. UniversitA. — Osservazioni Meteorologich 
1893-4. — Sui modo di dedurre la media giornaliera della osservazoni meteorologicl 
fatta a Torino in tempo medio dell' Europa Centrale. 

Turin, Societa Meteorolooica Italian a. — Bollettino Mensuale pablica€o ^ 
cura dell' osservatorio centrale del Real Collegio Carlo Alberto, Dec. 1894 to Nov. 189 

Upsala, Observatoi re M^TfioROLOOiQUE de L'UNiVERsiTfi.— Bulletinmensuel, 18^ " 
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Utrecht, K. Nederlandsch Meteorolooisch Instituut. — Meteorologisch 
Faarboek voor 1893. — Onwedera in Nederland, 1894. 

Vienna, K. K. Centralanstalt fur Meteorologie und Erdmaonetismus. — 
ieobachtuDgen, July 1894 to May 1895. 

Vienna, K. K. Hydrographisches Central-Bureau. — Jahrbuoh, I. Jahrgang 
893. 

Vienna, Oesterreichische Gesellschaft fur Meteorologie. — Meteorologische 
ieitschrift, Dec 1894 to Nov. 1896. 

Washington, United States Geological Survey. — Annual Report, 1892-3. 

Washington, Hydrographic Office.-— Pilot Charts of the North Atlantic Ocean, 
1895.— Pilot Charts of the North Pacific Ocean, 1895. 

Washington, Smithsonian iNSTiTuriON.^-Report, 1893. 

Washington, Weather Bureau. — Climate and Health, Nos. 1 to 3, July to Aug. 
1895.— Monthly Weather Review, Sept 1894 to June 1895.— Report of the Chief, 
1893. — Report of the International Meteorological Congress held at Chicago, Aug. 
n-24, 1893, part ii. 

Watford, Hertfordshire Natural History Society. — Transactions, vol. vii., 
Mirt vii., and vol. viii. parts i.-v. 

Wellington College, Natural History Society. — Annual Report, 1894. 

Wellington, N. Z., Registrar -General's Office — Statistics of the colony of 
^ew Zealand, 1893. 

Zi-Ka-Wei, Observatoire MagnAtique et MAt^orologique. — Bulletin mensuel, 
1893. 

Zurich, Schweizerische Meteorologische Central- Anstalt. — Annalen, 1893. 

Presented by Individuals. 

Akerblom, p. — Sur la distribution k Vienne et k Thorshavn des ifel^ments m^t^oro- 
dgiques autour des Minima et des Maxima barom^triques. 

Andr^e, S. a. — lakttagelser under en BaUongfard den Feb. 26 ; Apr. 7 ; July 14 ; 
Ltig. 4 ; and Nov. 29, 1894. — Ueber die Eohlensaure der Atmosphare. 

Barnes, Dr. R. — Woodhall Spa. 

Bauer, L. A. — Beitrage zur Kenntniss des Wesens der Sacular- Variation des Erd- 
laffnetismus. 

Baxendell, J. — Meteorological observations at Southport, Dec. 22, 1894, to Dec. 
1, 1896. 

Bayard, F. C. — Report of the Meteorological Sub -Committee of the Croydon 
[icroscopical and Natural History Club, 1894. 

Bellamy, F. A. — A discussion of observations of some Migratory Birds in the 
ritish Isles. — Phenology, or the Annual Appearance of certain Birds, Flowers of 
lants, and Insects. 

Boys, Rev. H. A. — The November Floods, 1894 [in Northamptonshire]. 

Brown, A., and Boobbyer, P. — The Meteorology of Nottingham, 1894. 

BucHAN, Dr. A. — Rainfall of Scotland. — The Physics and Chemistry of the voyage 
f H.M.S. Challenger. Part viiL Report on Oceanic Circulation. 

Chandler, A. — Abstract of Meteorological Observations at Torquay, 1894. 

Clark, J. E. — Natural History Journal, 1895. 

Clements, H. — Clerk of the Weather, containing forecasts for April and Sept. 
395. — Forecasts of Atmospheric Pressure, Temperature, Sunshine, Rainfall, Direction 
id Force of Wind, and Appearances of Sky and Atmosphere for 1895. 

Clifford, H. — Annual Report on the State of Pahang, 1894. 

Cooke, R. — Rainfall at Detling, Maidstone, 1894 (MS.). 

Coventry, F. — Results of the Meteorological Observations at Ketton Hall, Stamford, 
394 (MS.). 

Coxen, Mrs. — Meteorological Observations made at Bulimba, Queensland, Jan. 1894 
> June 1895 (MS.). 

Cresswell, a. — Records of Meteorological Observations taken at the Observatory of 
le Birmingham and Midland Institute, July 1893 to Dec. 1894. 

DoBSON and Barlow, Messrs. — Humidity in Cotton Spinning. A paper by 
.. A. Dobson. 

Doyle, P. — Indian Engineering, vol. xvi. No. 24 to vol. xviii. No. 23. 

Eaton, H. S.— Dorset Annual Rainfall, 1848-92. 

Editor. — American Meteorological Journal, 1895. 

EDiTOR.--Ciel et Terre, 1895. 

Editor. — Electrical Review, 1895. 

Editor. — Nature, 1895. 

Editors. — Observatory, 1895. 

Farrah, J., and Waldby, J. R.— The Weather in Harrogate, Jan. 1895. 
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FoRSL, F. A. — Les Variations p^riodiques des Glaciers. 

Fox, W. L. — Meteorological and Magnetical Tables and Reports for 1894 at 
Falmouth Observatory. 

Frejlach, Dr. J. — Intomo all* andamento diumo che ha la firequenza di>otazioiii 
del vento nell' intenrallo di 4 ore a Praga. — Zor Kenntniss der anemometrischen 
Verhaltnisse von Prag. 

Gltde, K E. — Abstract of Meteorological Observations taken at Tavistock, Devon, 
1894. — Meteorological Summaries at Tavistock, Devon, Nov. 1894 to Oct. 1895. 

Greenwood, Captain W. N. — Greenwood's Kludonometric Tide Tables, 1895.— 
Greenwood's Nautical Almanac, 1896. 

Grossmann, Dr. L. — Die Berechnung der Eonstanten der Besserschen FormeL— 
Meteorologische Divisionstafeln. 

GUPPY, Dr. H. B. — River Temperature, part ii. The Temperature of the Nile 
compared with that of other ^reat rivers. 

Hambero, H. E. — Ofversikt af Sveriees Elimat. 

Hann, Dr. J. — Der tagliche Gang des Barometers an heiteren und triiben Tagen, 
namentlich auf Berggipfeln. — Die Verhaltnisse der Luftfeuchtigkeit auf dem SonnbUck- 
gipfel. 

Harrison, Dr. C. — ^Annual Report of the Medical Officer of Health and Public 
Analyst, City of Lincoln, 1893. 

Hartl, H. — Meteorologische und magnetische Beobachtungen in Griechenland. 

Hellmann, Dr. G. — Photographien von Schneekrystallen. — Besoltate des 
Regenmess-Versuchsfeldes bei Berlin, 1885-91. — Zum 250-jahrigen Jubilaum des 
Barometers. 

HiLDEBRANDSsoN, Dr. H. — Wolkenstudicu von Clement Ley. 

Hill, G. H. — Returns of the Rainfall in the Glasgow, Manchester, Ashton, 
Dewsbury, Stockport, Halifax, Blackburn, Holme Reservoirs, Oldham and Batley 
Waterworks Districts, 1894. 

HOPKINSON, J. — Climatological Observations taken in Hertfordshire, 1894. — ^Meteoro- 
logy of Middlesex and HertfoiSshire, Sept. 1894 to Nov. 1896. 

Hunter, J. — Meteorological Observations at Belper, 1895. 

Kammermann, a. — R^ume Met^orologique de I'ann^ 1894 pour Geneve et le 
Grand Saint Bernard. — Sur quelques particularity de I'hiver. 1894-5. 

Lake, Dr. W. C. — ^The Frosts of 1855 and 1895, as observed at Teignmouth. 

Lancaster, A. — Congr^s de la Science de 1' Atmosphere. An vers, 16-18 Aoiit 
1894. Communications faites par A. Lancaster. — La Pluie en Belgi^ue, part L — Le 
Climat de la Belgique en 1894. — Sur la period de Froid du 27 Janvier an 17 Fevrier 
1895. 

Leyst, E. — Ueber den Magnetismus der Planeten. 

MacDowall, a. B. — Weather and Disease. 

Manson, M. — Physical and Geological traces of permanent Cyclone Belts. 

Markham, C. a. — Meteorological Report for Northamptonshire, Oct. 1894 to 
Sept. 1895. 

Marshall, S. A. — Rainfall in the Lake District, Dec. 1894 to Nov. 1895. 

Mawley, E. — The Rosarian's Year-Book, 1895. 

Mellish, H. — The Weather of 1894 at Hodsock Priory, Worksop. 

Moreno y Anda, M. — Estudio sobre el Magnetismo terrestre en Mexico. 

MossMAN, R. C. — Results of the Meteorological Observations taken at Edinburgh, 
1894. 

Naber, H. a. — Standard Methods in Physics and Electricity criticised. 

Parnaby, J. M. — Meteorological Report for Albert Park, Middlesborough, Dec. 
1894, Jan., Feb. and Apr. to Nov. 1895 (MS.). 

Peek, C. E. — Meteorological Observations at Rousdon Observatory, Devonshire, 1894. 

Preston, A. W. — Meteorological Notes, 1894. From observations taken at Brun- 
dall, Norfolk. — Notes on the Great Frost of 1894-5. — Notes on the Great Gale of March 
24, 1895. 

Prigg, H. V. — Meteorological Report for the Borough of Plymouth, 1894. 

Prince, C. L. — A literal translation of the Astronomy ana Meteorology of Aratos. 
— A Record of the Great Frost of Jan. and Feb. 1895, contrasted with some observations 
of other severe frosts which have occurred during the present century. — The sununary 
of a Meteorological Journal kept at Crowborough Hill, Sussex, 1893-4. 

PuoA, G. B. Y. — Tempestades del fin del inviemo. 

Ramsey, A. — The Scientific Roll, Climate ; Baric condition, Nos. 6 and 7. 

Robertson, Dr. C. — Is the Earth a planet ? 

Rodger, J. P. — Annual Report of the State of Selangor, 1894. 

RoTCH, A. L. — Meteorological Observatory on Mount Cimone, Italy. — Physiological 
effects of Hiffh Altitudes. — Studies of the Upper Air. — Weather Stucues at Blue Hill, 
by R. L. Briagman. 
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Salle, 0.— Das Wetter, 1895. 

Sanderson, T. H. — Il^uiii^ Mensuel des Observations M^t^orologiques faites k 
Observatoire Kh^divial du Caire, Aug. to Dec. 1894. 

ScHERER, Prof. P. J. — Taglicher Gang des Barometers zu Port au Prince nach 
weijahrigen Beobachtungen, 1890-92. 

ScHLiCH, Dr. W. — Manual of Forestry : vol. iii. Forest Management, by "W. Schlich ; 
oL iv. Forest Protection, by W. R. Fisher. 

ScHREiBEE, Dr. P. — Ueoer registrirende Regenmesser und Pegel. 

Sheward, R. — Annual Report of Meteorological Observations at Eastbourne, 1894. 

Slade, F. — Meteorological Observations at Beckford, Tewkesbury, 1894. 

Spieoelhalter, E. K. — Climatological Record for 1894, taken at Malton. 

Sresnevsky, Dr. B. — Th^orie de Thygrom^tre k cheveu. 

Staooemeier, a. — Geographical Positions (charts). 

Stanley, W. F. — ^Notes on the Nebular Theorv. 

Stokes, J. — Annual Report of the Medical Officer of Health of the Borough of 
dargate, 1894, to which is appended the Meteorological Report. 

Swettenham, F. a. (C.M.G.) — Annual Report on the State of Perak, 1894. 

Symons, G. J. — Symons's British Rainfall, 1894. — Symons's Monthly Meteorological 
tla^zine, 1895. 

Taylor, Captain E. R. — Meteorological Observations at ArdgiUan, Balbriggan, 1894. 

Taylor and Francis, Messrs. — Taylor's Calendar of the Meetings of the Scientific 
kxlies of London for 1895-6. 

Tyrer, R. — Meteorology of Cheltenham, 1894. — Rainfall in the County of Gloucester, 
)ec. 1894 to Nov. 1895. 

Veeder, M. a. — Magnetic Storms and Sunspots. 

Ward, R. db C. — Recent Foreign Studies of Thunderstorms : V. Russia ; VI 
Switzerland. 

White, H. K — Summary of Meteorological Observations at Tangier, Morocco, 1894 
MS.). 

Wild, Dr. H. — Das Eonstantinow'sche meteorologische und magnetische Observa- 
>riiim in Pawlowsk (bei St Petersburg). — Neue Normal -Lufttemperatiiren fiir das 
issische Reich. 

WiLMHURST, A. J. — Temperature and Rainfall at Manor Park, Essex, Dec. 1894 to 
'ov. 1895 (MS.). 

Wilson-Barker, Captain D. — Clouds and Weather. 

Woeikof, Dr. A. — The Climate of Russia. 

WooDD, B. T. — Charts from Richard Barograph at Conyngham Hall, Enaresboro', 

394 (MS.). 

Photographs. 

Archibald, W. — Lightning at Newark, N. J., U. S. A. (2 photos). 

CocKERELL and Co., Messrs. G. J. — Ice on the Thames off Charlton, February 1895. 

Ellis, W., F.R.S. — River View, Greenwich, February 1895 (2 photos). 

Fowler, Rev. W. W. — A Frozen Tree. Effect of burst water-pipe, Lincoln, February 

395 (2 photos). 

GoDBOLD, H. J. — Lightning at Hastings, July 6, 1894. 

Hills and Saunders, Messrs. — Coach-and-six on ice on Thames at Oxford, February 
J95. — Roasting of a sheep on ice on the Thames at Oxford, February 1895. 

Hunter, J. J. — Ice on the Derwent at Belper, February 1895 (2 photos). 

Leadbbater, J. — Lightning at Rotherham, June 26, 1895. — Hoar frost on window 
photos). 

Marriott, W. — Ice on the Thames, February 19, 1895 (3 photos). — Ice on lake in 
t. James's Park, February 28, 1895 (3 photos). 

MiDOLEY, W. W. — Hygrophant for use in cotton mills. 

Shepherd, E. S. — Lightnmg, May 30, 1895 (3 photos). 

Stow, Rev. F. W. — Winter Scenes, Aysgarth, Yorks, February 1896 (12 photos). 

Waters, R.— Skating on Lake Windermere, February 1895 (4 photos). 

Westlake, W. 6. — Lightning at Sutton, August 22, 1895. 

Wilson-Barker, Captain D. — Ice on the Thames off Greenhithe, February 1895 (7 
hotos). 

Lantern Slides. 

Marriott, W. — Ice on the Thames, February 19, 1895 (4 slides). — Ice on lake in 
t. James' Park, February 28, 1895. — Waterfowl on ice in St James' Park, February 28, 
895. 

Prince, C. L. — Ice on the Thames off Charlton, February 1895 (5 slides). — Snow 
Irystal. 

Stow, Rev. F. W. — Aysgarth Force waterfalls during frost of February 1895 (4 
Lides). 
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APPENDIX VL 

REPORTS OF OBSERVATORIES, ETC. 

The Meteorological Office. — Lieut-Gen. R. Strachey, R.E., C.S.L, 
F.R.S., Cliairman of Council ; Robert H. Scott, M.A., F.RS., Secretary ; Nav. 
Lieut. C. W. Baillie, F.R.A.S., Marine Superintendent. 

Marine Meteorology. — Current Charts for all Oceans, — The Admiralty 
having undertaken to publish these Charts for the Office, an officer has been 
detailed by the Hydrographer to aid in generalising the currents for publication. 
It has been decided to publish Monthly Charts, and not Quarterly only, and a 
commencement has been made with the Indian Ocean. Seven of the Charts are 
issued, and the remaining five, completing the year, will follow them without 
delay. The Atlantic Ocean has next been taken in hand, and the twelve Charts 
for it may be expected at an early date. As to the Pacific Ocean, the compara- 
tive paucity of information for that extensive area renders the task of obtainiBg 
a fair representation of its currents a very difficult one. 

The Charts of the Red Sea have been published, and those for the SotUhem 
Indian Ocean (from the Cape of Good Hope to New Zealand) are about to be sett^ 
to press. 

The South Atlantic Ocean, — This work is in a very forward state, and trlv 
discussion of the materials for publication will shortly be taken in hand. 

Weather Telegraphy. — The only addition to the Reporting Stations drrriTM 
the year has been that the Portuguese Government has kindly forwarded repaid 
from Ponta Delgada in the Azores. 

The year 1895 having completed another Lustrum, additional means Yim^'^ 
been published as an appendix to the Volume for the year, and as to the Volui:^ 
for 1896, the information given as to means, etc., on the second page, has b^'^ 
largely increased. 

British Rain^ 1881-90. — The tables for 492 stations forming part i. ha"^ 
been printed, as well as those in part ii., giving for 157 of these stations figui*^ 
for back lustra, to supplement those given in the earlier similar publication ^ 
the Office issued in 1883. 

Land Meteorology of the British Isles. — The volumes of Hourly Mean Readin ^ 
for Five-day Periods for the Four OhservaJtories for 1891 and 1892 have both be^ 
published, and the volume of Returns from Stations of tJie Second Order for 18S^ 
has appeared. Both these serials are in an advanced stage for the succeedii:::^ 
years in each case. 

The two pressure tube anemometers have been erected at Holyhead ai^ 
Scilly, and their use has already furnished important information as to thrr 
effect of exposure on anemometers erected on buildings. — March 11, 1896. 

Royal Observatory, Greenwich. — W. H. M. Christie, M.A., F.R.S., 

Astronomer Royal. 

The usual routine meteorological work has been carried out satisfactoriC 

during the past year, though somewhat hampered by the building operations i 

connection with the extension of the new Physical Observatory, and the erectio 
of the new Altazimuth building. No further change has yet been made in th^ 
position of the meteorological instruments, but this is a matter which is unde^ 
consideration. 

Serious interruption to registration was experienced during the severe froe^ 
in February, partly on account of failures in the gas supply, but more especially 
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iccount of the freezing of the water-pipes. The inconvenience due to this 
5r cause was of a very serious nature, for not only were the electrometer 
rds almost entirely lost, but the photographic operations, which require the 
of much water, were carried out under very trying and difficult circumstances, 

the photographs obtained under these conditions were certainly not of a 
^ high degree of excellence. Another important loss at a critical time during 
frost was that of the readings of the earth thermometers, 6 feet and 3 feet 
>, which were out of range for 48 and 25 days respectively. The advisa- 
sy of supplementing the present establishment of earth thermometers with a 
of thermometers at lesser depths down to 3 feet is under consideration. 
Information relating to the remarkable squall of January 23rd was com- 
licated to Mr. Marriott and embodied by him in a paper presented to the 
al Meteorological Society on February 20th. 
The printing of the Meteorological Reductions, 1841-90, has been completed, 

the work is now being distributed. 

The mean temperature for the year 1895 was 49°*3, which is nearly the 
e as the 50 years' average. The maximum temperature for the year (8 7*** 3), 
ch occurred on September 24, was the highest temperature which had been 
irienced at such an advanced time of the year throughout the whole term 
observation since 1841. Higher values have been recorded twice only in 
«mber, viz. on September 7, 1868, when 92''*1 was recorded, and on 
«mber 1, 1886, when the maximum was 87*'*7. The lowest temperature 
lie year, 6** '9, occurred on February 8, during the great frost, and was the 
St recorded in the month of February since the commencement of regular 
Pvation in 1841. The lowest value previously recorded in February was 

on February 12, 1845. The range of temperature in the year was 80*'*4. 

mean monthly temperature for February was 29*'*1, being 10°*4 below the 

ears' average ; and the mean for September, 61** '9, was 4** -7 in excess of the 

age. 

Bright sunshine in the year amounted to 1227 hours, which is about 50 

•« less than the average value. In May the recorded amount was 203 hours, 

percentage of 42, and in September sunshine was recorded during 195 
^8, the percentage being 52. 

rhe rainfall, 19*725 in., is the smallest since 1884, when the fall amounted 
8*05 in. There was great deficiency of rainfall in the months of February, 
, June, and September, the total amount for the four months being nearly 
. in defect as compared with the average amount. — Airril 2, 1 896. 

Royal Observatory, Edinburgh. — Ralph Copeland, Ph.D., F.R.S.E., 

Astronomer Royal for Scotland. 

The daily readings of the barometer and thermometers were continued at 
on Hill without interruption until November 9th, when the final move was 
e to the New Royal Observatory at Blackford Hill ; but the daily rain 
je record was carried on to the end of the year, when it was taken up by the 
authorities, who have acquired the old Observatory. The weekly readings 
he five rock thermometers at Calton Hill have been carried on without 
k, and will continue to be taken as before by the Royal Observatory staff. 
Remarkably low readings of two of these thermometers (35 and 67 in. re- 
tively below the surface of the soil) were recorded during the intense and 
; continued cold of February 1895, the former having registered 35**, and 
latter 36**, on February 25. Such low readings have not been observed 
e 1886, when the former thermometer read 35*'*5, and 1881 when it read 
3. 
At the new Observatory at Blackford Hill the barograph and barometer. 
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the thermometers and rain gauges, were all mounted in time to begin a con- 
tinuous record on January I, 1896, and a monthly return will be made to the 
Scottish Meteorological Society. The large Robinson recording anemometer, for 
direction and velocity of the wind, will shortly be mounted on a lofty iron 
lattice pillar. — February 12, 1896. 

Kew Obsbrvatory, Richmond, SuRREY.T—Charles Chree, D.Sc, Superintendent 

The several self-recording instruments for the continuous registration of 
atmospheric pressure, temperature of air and wet bulb, wind (direction and 
velocity), bright sunshine, and rain, have been maintained in regular operation 
throughout the year, and the standard eye observations for the control of the 
automatic records duly registered. 

The tabulations of the meteorological traces have been regularly made, and. 
these, as well as the copies of the eye observations, with notes of weather, cloudy 
and sunshine, have been transmitted, as usual, to the Meteorological Office. 

Anemograph, — A considerable number of experiments made to check tb.« 
correctness of the wind vane by comparison with a flag led to no certaL' 
conclusion. It only appeared that if any error existed it must be small. 

Eledrogra/ph, — The performance of this instrument throughout the y< 
has not been satisfactory. Some 27 days' records were lost in JanuflX"^ 
and February through stoppage by the frost, and for about 45 days in JiJ- 1 
and August the instrument was out of action. Towards the end of the ji 
the performance was generally unsatisfactory. After a good deal of fruitl^ 
investigation as to the causes affecting the scale value, defective insulation 
the quadrant electrometer and the water-dropper can, the defect has been 
to a gradual deterioration in the insulation of the wire connecting the can wij 
the electrometer. Action is contemplated which will reduce in future 
chance of such a misadventure. 

On June 1 1 the instrument was dismounted, old acid removed, and a n.^ 
suspension, with almost parallel sides, fitted up in order to widen out the 
Determinations of the scale value were made on April 5, May 28, Jime X - 
and November 27 by direct comparison with the portable electrometer. White S -^ 

This latter instrument was sent to White of Glasgow in December 18^^ 
to have a new torsion suspension fitted, and to be generally overhauled. Aft^- 
its return from the maker the value of its scale was kindly determined by Pro-^ 
Carey Foster at University College Laboratory, and the mean value for on^ 
division foimd to be 290 volts, and this new value has been employed i^ 
obtaining the scale-figures for the self-recording instrument. 

Fog and Mist — The observations of a series of distant objects, referred to ifl 
the last Report, have been continued. A note is taken of the most distant of 
the selected objects which is visible at each observation hour. 

Atmospheric Electricity. — The series of eye observations with the portable 
electrometer at certain points in the neighbourhood of the Observatory com- 
menced last year have been continued. The results arrived at seem interesting 
in themselves, and are likely to prove of service in interpreting and checking 
the records obtained with the >^*ater-dropper and electrograph. 

Android Barometer*. — The apparatus referred to in the last Report was 
delivered by the maker, Mr. J. J. Hicks, early in the year, and a large number 
of experiments have been made and reduced ; the results have not yet been 
published. 

XoctHrnal Kadiation. — Regular observations of two minimum thermometeia 
freely exposed on grass, having shown that a constant lowering of their zero 
had been taking place for some years, two other minimums have been obtained, 
and the four instruments are bein^ dailv observed under similar conditions It 
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believed that this alteration of zeros is mainly caused by the exposure of the 
libs to strong sunshine during summer. 

During the year temperature ranged from 10° '8 on February 7 to 83^*7 
1 May 30. The mean temperature was 49° '1. The maximum reading in 
le sun's rays (black bulb in vacuo) was 141° on June 23, and the minimum 
imperature on the ground was - 0°*2 on February 8. 1692 hours of 
right sunshine were registered, giving a mean percentage of 33, which is 4 
•er cent above the average. September was a noticeable month, having a 
ercentage of 56, being 20 per cent above the mean, and the maximum value 
»r that month yet recorded here. The rainfall was 22*36 in., and the year 
aa remarkable for the exceptionally dry months of February and June, the 
fis being 0*09 in. and 0*23 in. respectively. This is by fer the lowest value 
• June during the past 36 years, the nearest approach being 0*68 in, in 1868. 
Febrwiry 26, 1896. 

A.r>CLiFFE Observatory, Oxford. — E. J. Stone, F.R.S., Radcliflfe Observer. 

The staflf has remained unchanged during the year. The photographic and 
recording instruments have worked without failure, and are now in good 

TChe eye -readings have been taken as usual, and reports sent daily by 
$xam to the Meteorological Office, monthly to the Registrar General and the 
1 newspapers ; and, upon application, to sanitary and other authorities. 

'Weekly amounts of rainfall have, by particular request, been forwarded to 
ckuthorities at Windsor, who are interested in the prevention of floods in the 
^y of the Thames. 

-A set of photographic curves, showing the diurnal changes of temperature 
Ixie days for the different months of the year, and others of general interest, 
^ sent to the Exhibition of Photography held at the Imperial Institute 
Lxig the summer. 

'^ volume containing the results for 1888 and 1889 is now passing through 
X>re8S, and will shortly be ready for distribution. 

iTie following are the chief characteristics of the weather noted at Oxford 
lie year 1896 : — 
The mean temperature of the air for the year was 48°*6, being 0°*3 below 

mean for the last 67 years. The highest temperature in the shade was 
*'2 on September 27, and the lowest 7°'6 on February 8, the difference 
ing 75°-7. 

During the severe frost of February the temperature in the shade fell to 

L'^'l, 9°-3, 7°-5, and 9°-6 on February 6, 7, 8 and 9 respectively, whilst 

le grass minimum thermometer on the corresponding dates gave readings 

1**0, 0°'3, -0°'l, and 0°'5 ; and the mean daily temperature of the air in 

ade for February was 28°'7, being 10°*8 below the mean for the last 67 years. 

The month of September was remarkable for the high temperatures ex- 
rienced, especially towards the end of the month, when maximum shade 
nperatures of 77°-5, 82°-3, 78°-4, 81°-6, 83°% 80°-6, 76°-l, and 76°-8 were 
^rded on the eight consecutive days, September 23 to 30 ; and the mean 
ily temperature in the shade for September was 60° '6, being 4° '8 above the 
an for the last 67 years. 

The total rainfall for the year was 23*867 in., being 2*429 in. below the 
an for the last 80 years : the greatest monthly amounts were 3*697 in., 
>19 in., and 4*464 in. in July, October, and November. — February 7, 1896. 
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REPORT ON THE PHENOLOGICAL OBSERVATIONS 

FOR 1895. 

By EDWARD MAWLEY, F.R.H.S., President. 

Plate II. 
[Read February 19, 1896.] 

The number of observers sending in returns in 1895 was 118, or 5 more 
than in the previous year. Since last year's report was issued the dis- 
tribution of the observing stations has been still further improved, there 
being now 6 observers in Ireland South instead of 4, 10 in England East 
instead of 8, 4 in Scotland East instead of 1, and 3 in Scotland North 
instead of 1. For nearly all the new observers in these districts the , 
Society is indebted to the kind assistance of Mr. Ernest Clarke, Secretary 
of the Royal Agricultural Society of England, Mr. James Macdonald, 
Secretary of the Highland and Agricultural Society of Scotland, and 
Mr. R. J. Moss, Registrar of the Royal Dublin Society. 

The following changes have taken place in the observing stations 
since 1894 : — ^No returns were received from Instow and Cardiff in 
District A ; Greystones in District B ; Bere Regis, Ashtead, Whatley, and 
Whitchurch in District ; Henley-in-Arden and Burbage in District D ; 
Ellesmere and Egremont in District F; Ballymena in District G; 
Dalshangan in District H ; and Low Fell in District I. On the other 
hand new stations have been started, or old ones revived, at the following 
places : — ^Liskeard in District A ; Cork, Glendalough and Greashill in 
District B; Carisbrooke, Willinghurst and Farley in District C; Leo- 
minster and XJllenhall in District D ; Wormley and Brundall in District 
B ; Pal6 in District F ; Clonbrock in District G ; New Galloway in 
District H ; Earriemuir, Newmill, and Lhanbryde in District J ; and 
Beauly and Dingwall in District K. 

In former years it has been very difficult to check the observations 
sent in owing to the small number of previous records with which to 
compare them, but every year that passes makes this more practicable. 
As far as I have been able to examine the returns received for 1895, they 
appear to have been made, at most of the stations, with much care, and 
in accordance with the Instnictions printed on the forms. In some cases, 
however, the observer has evidently not in the first instance selected the 
plants he has decided to observe with sufficient consideration. Con- 
sequently the dates for these badly selected plants come out year after 
year either abnormally early or late for the locality, the climate of which 
they are intended to represent. 

The general accuracy of the observations will be shown by Table I. 

The Winter of 1894-5. 

December proved everywhere a warm winter month, but, on the 
other hand, January and February were both exceptionally cold — the 
departures in mean temperature from the average ranging from - 5° '4 in 
the north of Ireland to - 6° '8 in the west and east of Scotland, and in 
February from - 7°'3 in the north of Scotland to - 11°*3 in the mid- 
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counties of England. The total rainfall, including melted snow, for 
vinter quarter was more or less in defect of the mean in all districts, 
)t the north-east of England. The December sunshine was variable, 
n January and February nearly all the records were remarkably good 
he time of year, particularly in the south-west and north-west of 
and, and in the west of Scotland. 

jE I. — Mean Results, with theib Vakiations from the Adopted Average, 
OB the 13 Plants in all the Districts where there have been suffi- 
[ENT Observers to warrant Comparisons being made. 
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I- 31 are in January. 
2-59 »» Febniar}' 
60- 90 ,, March. 
91-120 ,, April. 
121-151 ,, May. 
152-181 ,, June. 



Explanation of the Dates in the Tables. 

182-212 are in July. 

213-243 „ August. 

244-273 ,, September. 

274-304 ,, October. 

305-334 .» November. 

335-365 »» December. 



n the farms green keep of all kinds, favoured by the mild weather, 
nued unusually abundant until the close of 1894, while the young 
.t at this time looked remarkably well, and was not too forward, 
ng the whole of the United Kingdom a smaller area was planted 

wheat than ever before known. The low prices at which this cereal 
been selling in recent years must have been the principal cause, but 
IS no doubt to a certain extent due to the saturated condition of the 
n November preventing land intended for wheat from being then sown. 
I before the new year had been entered upon a change to cold winter 
her took place, and the frost that then set in lasted so long that 
jrthing remained at a complete standstill throughout the remainder of 
jeason. Where the covering of snow was sufficiently deep the frost, 
)ugh at times intense, did no harm, but where little had fallen, or 
-e the land had been bared of snow by high winds, winter beans and 
he turnips and swedes left in the ground perished, while cabbages, 
, and other forage crops suflfered very severely. In exceptional cases 

the wheat was killed. 

Ln the gardens tender shrubs, such as the common laurel, Portugal 
3I, laurestinus, and sweet bay, were everywhere more or less damaged 
he frost and cutting North-easterly winds of February, and in some 
icts many shrubs were killed outright. The full extent of the injiuies 
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inflicted was in certain caees not apparent until the sun liad acqu 
sufficient power in the spring to start the plants into active growth, w 
in others evergreens, which at the end of the winter appeared gre 
damaged, ultimately recovered with the loss only of their dead lea 
In the warmer parts of our islands, like the south-west of £ng)and, 
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damage done to delicate trees and shrubs was, perhaps, most keenly 
owing to the unusual size many of the individual specimens had tl 
attained. It is a somewhat remarkable fact that certain kinds of shr 
herbaceous plants and bulbs, which had passed almost uninjured thro 
the severe winter of 1892-3, fell easy victims to the froflts of last wii 
whereas other kinds suffered very much more during the former of t 
winters. Nowhere was the effect of the frost so evident at a glanc 
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.he commonB, where throughout the length and breadth of the land 
iie gorse, with the exception of a green shoot here and there, had 
t« all appearance killed. In most localities, however, a good many 
e Gtems were afterwards discovered still alive, although all the spines 
sem had been destroyed. 
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Large numbers of our native birds perished of starvation through 
r usual supphes of food having been entirely cut off for weeks together, 
ae most frequently mentioned by the observers as having been found 
I were stariings, thrushes, blackbirds, rooks, and larks. During 
■uary gulls and other sea-birds are reported as having in some places 
me so tame that they flocked to the houses in the towns in order to 
4, Babbita and hares were also great sufferers, and in some localities 
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numbers were killed. In the Highlands of Scotland the deer were driven 
from their usual haunts in search of food, and were often to be met with 
in a half-starved condition. As is frequently the case in exceptionallj 
cold winters, birds seldom to be seen at other times visited our shores. 
Among the most noteworthy of these northern visitors was the little auk, 
thousands of which arrived on the north and north-east coasts of Scotland 
and England in an exhausted condition during February. 

Much damage was done to trees, particularly in Scotland and the 
north of England, by the severe gale of December 21st and 22nd, an 
excellent account of which was given by Mr. Harding, F.RMet.Soc., in 
a paper read before the Society last year at the January meeting. 

The song-thrush did not begin singing until much after its usual time. 
Indeed, the mean date for the British Isles is three weeks later than the 
average for the previous four years. 

The Spring. 

The weather became gradually more and more unseasonably warm 
and dry as the spring advanced, but it was only in May that the variations 
from the mean as regards temperature or rainfall were in any way 
exceptional. In March and April the duration of bright sunshine fell 
short of the average in most districts, the only noteworthy exceptions 
being England North-east and Scotland East, where April proved an 
unusually bright month. May, on the contrary, was everywhere, if we 
except Ireland South and Scotland North, remarkably sunny. 

In the very interesting paper on the " Frost of January and February 
1895 over the British Isles," by Mr. F. C. Bayard and Mr. W. Marriott, 
we are told that this frost lasted over nine weeks, and came to an end on 
March 5th. The ground had, however, by that time become frozen to 
such a very unusual depth, and the thaw was at first so gradual that it 
was not until about the second or third week in March that vegetation 
began to show any decided signs of revival. All soils, and especially 
those of a retentive nature, had benefited greatly by the disintegrating 
effect of the frost, so that the land required but little preparation by the 
farmer for the reception of spring com and other early crops. The fall 
of rain during the spring quarter proved very light, but it was only after 
the middle of May that the drought began to be seriously felt. Indeed, 
in the early part of that month the prospect for nearly all kinds of farm 
produce was, on the whole, very promising. The pastures were the first 
to receive a check from the continued dryness of the soil, but its stunting 
influence, aided by the cold North-easterly winds, which for a time pre- 
vailed, soon extended to the corn and other crops. 

Scarcely any green vegetables were to be found in the kitchen gardens, 
the winter frosts having destroyed not only cabbages but also most of 
the Brussels sprouts. 

Th'e fierce gale of March 24th proved very destruetive to trees, par- 
ticularly in the eastern and midland counties of England. Mr. A. W. 
Preston, F.RMetSoc, in a paper read before the Norfolk and Norwich 
Naturalists' Society, estimated that in Norfolk alone something like 
100,000 trees had been blown down, while Mr. J. Hopkinson, F.E.Met.Soc., 
describes it as having been one of the most destructive gales ever 
experienced in Hertfordshire. 
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le hawthorn flowered very sparsely in most places, in fact, many 
( had no blossom on them at all. 

le only insect pests which appeared to have been in any way 
sly affected by the cold winter were aphides, the almost entire 
;e of which was one of the most remarkable features of the season. 
9 other hand, slugs and snails, until the dry weather gradually put 
to their movements, were especially numerous and destructive, 
ving to the prolonged frost of the winter, and the continued cold- 
>f the ground for some time afterwards, the first flowers on the 
made their appearance at an exceptionally late date, in fact, a 
. later than in any of the four previous years. The coltsfoot, wood 
•ne, and blackthorn, were also in most districts more backward in 
ing than in any of those years ; whereas the garlic hedge mustard, 
.wthorn, and the white ox eye were only moderately late in coming 
lossom, and appeared earlier than in either 1891 or 1892. The 
3hestnut flowered in nearly all parts of the country at a slightly 
' date than the mean. 

jcording to the returns sent in all the spring migrants on the list, 
rallow, the cuckoo, the nightingale, and the fly-catcher appeared in 
)untry a few days earlier than their mean dates of arrival for the 
ling four years. 

le honey-bee, the wasp, the small white butterfly, and the orange 
tterfly, made their appearance later than their average dates for the 
•revious years. 

The Summer. 

ine and August were moderately warm months, while July, on the 
hand, proved moderately cold, but taking the summer season as a 
, the mean temperature was only slightly above the average. In 
the rainfall was very light, but during July and August, taken 
ler, much more than a seasonable quantity of rain fell. If we except 
)uth of Ireland, the record of sunshine for the quarter comes out 
erably in excess of the mean in most of the other districts. 
wing to the persistent drought, the hay crop proved everywhere an 
lingly light one, but was harvested in capital condition. The corn 
but little growth, and was unusually short and slender in the straw. 
3 and mangold seed failed in many cases to germinate, and had to 
Dwn. Moreover, the supply of grass for the cattle and sheep became 
lely short, and in many places the sheep had to be turned into the 
jlds. This drought, taking the British Isles as a whole, was more 
•Uy felt than that of 1893. It was not nearly as severe in most 
>f England, but considerably more so both in Scotland and Ireland, 
wards the end of the dry period the harvest promised to be one of 
rliest and shortest on record, but no sooner was the corn ready to 
the earlier districts than wet and stormy weather set in, and the 
y and ingathering were from that time greatly hindered by rain. 
b it was not until after the middle of August that any great progress 
ade. Although the change to wet weather rendered the harvest a 
ind tedious one, it proved a great boon to the pasture lands, and 
3 the roots. The grass, which had previously been quite brown, 
•apidly when the warm soil had become sufficiently moistened by 

E 
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rain. The weeds, which had given little trouble in the early part of the 
summer, also made rapid growth, and were with difficulty kept under. 

In the middle of June there occurred in most districts a frost which 
did little damage generally, but in low-lying lands, particularly where 
exposed to the morning sun, potatoes, dahlias, and other tender plants 
were cut to the ground. Flower and other seeds sown in May, in many 
cases, owing to the drought, did not come up until after the July rains. 
There were comparatively few butterflies, and as was the case in the 
spring scarcely any aphides were anywhere to be seen. 

Taking the British Isles as a whole, the dog rose flowered somewhat 
in advance of its average date, whereas the black knapweed was, if any- 
thing, rather late. The harebell came into blossom three weeks early, and 
the greater bindweed more than a fortnight early, as compared with their 
respective means. 

The meadow brown butterfly made its appearance about the same time 
as in 1894, but considerably later than in either of the two previous 
years. 

The Autumn. 

During a great part of September the weather was extremely warm 
throughout the whole country, the departures in mean temperature 
from the average varying from + 2°*8 in the south of Ireland to + 4°*8 
in the midland counties of England; whereas October and November 
were everywhere of about average warmth. During September scarcely 
any rain fell, but the two following months were wet in nearly all dis- 
tricts. The record of sunshine in September was remarkably good, 
except in the north of Scotland, where, on the other hand, it was much 
below the average. In October and November also the total duration in 
iliost districts exceeded the mean. Taken as a whole this was a singukrly 
sunny autumn. 

Nearly all the corn had been got in by the end of the second week in 
September, and during the latter part of the harvest the weather con- 
tinued very favourable. The second crop of hay, which proved an 
unusually heavy one, was also gathered in brilliant weather. The want 
of rain in September, together with the great heat, soon, however, caused 
the pastures to become once more quite brown, while the root crops 
showed signs of flagging. This second drought fortunately lasted only 
about a month, when a return to cool and wet weather took place. By 
the middle of October enough rain had fallen on the warm ground to 
make the grass-lands look green again, and to swell the root crops. From 
this time until the close of the year there was never any lack of keep in 
the pastiu-es. Wheat-sowing was carried on rapidly during the latter half 
of October, but little was possible in November owing to the persistent 
rains, until towards the close of the month. At the end of the season the 
soil was left in an unusually fertile condition owing to the beneficial 
influence of the brilliant sunshine of the spring, summer, and autumn, 
while the new growths on fruit and other trees and shrubs had, through 
the remarkably sunny weather of the autumn, become singularly well 
matured. 

As might have been expected after such a long period of warm and 
dry weather in the spring and early summer, followed by a wet August, 
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and an unusually warm September, the instances of second flowering and 
fruiting were especially numerous during October and November. Wild 
roses, dogwood, and other wild shrubs flowered freely a second time, and 
in the gardens ripe strawberries and raspberries were quite common. 
Most deciduous trees, favoured by the warmth and moisture of the 
ground and the absence of sharp frosts, retained their green leaves until 
an unusually late period in the year. The autumn tints were, as a rule, 
poor, and the foliage of trees, when once it began to fall, soon disappeared. 
The hips on the wild roses were abundant, but there were scarcely any 
berries at all on either the hawthorn or holly. 

The yield of all the farm crops, with the exception of potatoes, was 

very poor. According to the official Report, the estimated average jrield 

of wheat per acre, in Ot'eat Britain, was smaller than in any of the 

previous ten years, except 1893. In the case of barley the only 

exceptions were 1887 and 1893, while oats yielded smaller crops in but 

fcJiree of the ten years, viz. 1885, 1887, and 1893. The com harvest 

i>egan about a week earlier than the average date for the previous five 

years, and earlier than in any of those years, with the exception of 1893. 

There was a heavy crop of apples, but most of the earlier sorts kept 

^^a<lly when gathered, owing to the warm autumn rains causing the fruit 

^ swell after it had become partially matured. Pears and plums, on the 

other hand, yielded indifferently, but strawberries and all the bush fruits 

^^re unusually abundant. 

The wild ivy flowered in nearly all the districts in advance of its mean 
^*^te, and earlier than in any of the preceding foiu* years, except 1893. 

The last swallows as a rule took their departure earlier than in any 
^* the foiU" previous autumns, except that of 1893. 

The Year. 

The weather of the phenological year of 1895 in many respects 
■^sembled that of 1893, for it began with a very cold winter, which was 
allowed by a dry spring and early summer. In both years there 
^^^vurred a second drought, while the record of bright sunshine was in 
^^^h case remarkably good. All the first spring flowers made their 
!tPl>^arance singularly late, but the departures from the average dates of 
^i^t; flowering gradually decreased as the season advanced. It was not, 
^^'^ever, until the middle of June that plants began to come into blossom 
'^ advance of their usual time. During July the dates recorded were, 
** ^ rule, exceptionally early. 

The yield of all the farm crops, except potatoes, was exceedingly 
As in 1893, the one redeeming featiu'e of the year, from an 
^S**i cultural point of view, was the autumn, the glorious weather of which 
*^^^.tly favoured the completion of the harvest, the growth of the grass 
''^^ roots, and the cultivation of the land. Pears and plums yielded badly, 
^^ there was a splendid crop of apples, and also of all the small fruits. 

Aj9 regards vegetation generally, seldom has a year ended under 
^^cJitions so favourable for the one succeeding it. 
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TABLE II. — List of Observers. 



Station. 


County. 


Height above 
Sea-level. 


Observer. 


A 

I. Marazion . 


Cornwall . 


Ft. 
40 


F. \y. Millett. 


2. Mawnan Smith . 


Cornwall . 




200 


Miss R. Barclay. 


3. Falmouth . 


Cornwall . 




190 


Miss Willmore. 


4. Liskeard 


Cornwall . 




400 


S. W. Jenkin, C.E. 


5. Tiverton 


Devon 




270 


Miss M. E. Gill. 


6. Westward Ho 


Devon 




130 


Miss Patterson. 


7. Barnstaple . 


Devon 




90 


T. Wain Wright. 


8. Sidcot 


Somerset 




200 


W^ F. Miller. 


9. Long Ashton 


Somerset 




280 


Miss H. Dawe. 


10. Clifton 


Gloucester 


300 


G. C. Griffiths, F. E.S. 


II. Penarth 


Glamorgan 


120 


G. A. Birkenhead. 


12. Castleton . 


Glamorgan 


80 


F. G. Evans, F.R.Met.^ 


13. Bassaleg 


Monmouth 


25 


W. J. Grant. 


14. St. Arvan's . 


Monmouth 


360 


Miss M. Peake. 


15. St. David's. 


Pembroke 


220 


W. P. Propert, LL.D., I 


16. Aberystwith 

B 

17. Cork . 


Cardigan . 


30 


J. H. Salter, B.Sc. 


Cork 


100 


R. A. Phillips. • 


18. Killarney . 


Kerry 


■ • 


100 


Ven. Archdeacon Wynn< 


19. Ferns . 


Wexford 


• 


260 


G. E. J. Greene, F.L.S. 


20. Woodenbridge 


Wicklow 


• • 


300 


J. Hunter. 


21. Glendalough 


W^icklow 


• • 


460 


Mrs. W^. Wynne. 


22. Geashill 


King's County . 


280 


Rev. Canon Russell. 


C 

23. Carisbrooke 


Isle of Wight . 




R. M. Prideaux. 


24. Bembridge . 


Isle of Wight . 


80 


C. Orchard. 


25. Whitchurch Can- 


Dorset 


150 


Miss Mules. 


onicorum 








26. Blandford . 


Dorset 


270 


J. C. Mansell-Pleydell,F 


27. Buckhorn Weston 


Dorset 


290 


Miss H. K. H. D'Aeth. 


28. Pennington . 


Hants 


100 


Miss E. S. Lomer. 


29. Strathfield Turgiss 


Hants 


200 


Rev. C. H. Griffith. 


30. Bexhill-on-Sea 


Sussex 


10 


H. Le M. Dunn. 


31. Muntham . 


Sussex 


250 


P. S. Godman, F.Z.S. 


32. Dover. 


Kent 


150 


F. D. Campbell. 


33. Farnborough 


Kent 


350 


F. G. M. Kelly. 


34. Swanley 


Kent 


160 


C. H. Hooper. 


35. Chislehurst . 


Kent 


360 


Miss F. Duncan. 


36. Coneyhurst . 


Surrey 


600 


J. Russell. 


37. Churt Vicarage . 


Surrey 


350 


Rev. A. W. Watson. 


37. Churt . 


Surrey 


300 


C. Criddle. 


38. Cranleigh . 


Surrey 


180 


Admiral J. P. Maclear, I 


39. W^interfold . 


Surrey 


580 


R. Turvey. 


40. Willinghurst 


Surrey 


400 


A. Nash. 


41. Oxshott 


Surrey 


210 


W, H. Dines, B.A., F.l 


42. Addlestone . 


Surrey 


ICX> 


C. U. Tripp, M.A., F.¥ 


43. East Molesey 


Surrey 


40 


Lady Jcnkyns. 


44. Farley 


Wilts 


350 


/Miss F. C Henderson. 
\ Miss D. Parsons. 


45. Marlborough 


Wilts 


480 


E. Meyrick. 


46. Reading 

D 

47. Oxford 


Berks 


... 


H. Goadhy. 


Oxford 


200 


¥. A. Bellamy, F.R.Me 


48. Cheltenham 


Gloucester 250 


M. L. Evans. 
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TABLE II. — List op Observers — Continued, 



Station. 



Beckford 

Watford 

St Albans (The 

Grange) 
St. Albans (Addis 

combe Lodge) 
St. Albans (War 

ley Road) 
Radlett 
Berkhamsted 
Harpenden 
Ross . 
Breinton 
Leominster 
Evesham 
Ullenhall 
Northampton 
Churchstoke 
Thurcaston 
Uppingham 

Tean . 

Beeston 

Hodsock 

Macclesfield 

Belton 

Harrogate 

E 

Wormley 

Hatfield 

Hertford 

Hitchin . 

Ashwell 

Bocking 

Lexden 

Sproughton 

Tacolneston 

Brundall 



Pal^ . 

Penmaenmawr 
Clauehton . 
Giggles wick 
Ambleside . 

Cronkbourne 

Orrv's Dale 
Sulby . 

O 

Clonbrock . 

Edgeworthstown 

Westport 

Looghbrickland 

Saintfield 

Antrim 



County. 



Gloucester 

Herts 

Herts 

Herts 

Herts 

Herts 
Herts 
Herts 
Hereford . 
Hereford . 
Hereford . 
Worcester 
Warwick . 
Northampton 
Montgomery 
Leicester 
Rutland 

Stafford 

Notts 

Notts 

Cheshire 

Lincoln 

Yorkshire 



Herts 

Herts 

Herts 

Herts 

Cambridge 

E^ssex 

Essex 

Suffolk 

Norfolk 

Norfolk 



Merioneth 
Carnarvon 
Lancashire 
Yorkshire . 
Westmoreland 

Isle of Man 

Isle of Man 
Isle of Man 



Gal way 

Longford 

Mayo 

Down 

Down 

Antrim 



vtfi 



Ft. 

I20 

240 

400 

320 
400 

370 
210 
230 
220 
120 
400 
320 

250 
300 

470 

210 
60 

500 
20Q 
340 



120 

300 

140 

230 

260 

240 

90 

30 
190 

70 



600 

500 

260 
no 

70 
80 



200 

270 

10 

350 
310 

70 



Observer. 



F. Slade, F.R.Met.Soc. 
Mrs. G. £. Bishop. 
Mrs. Hopkinson. 

Miss £. F. Smith. 

H. Lewis. 

Miss £. M. Lubbock. 

Mrs. E. Mawley. 

J. J. Willis. 

H. Southall, F.R.Met.Soc. 

H. A. Wadworth, F.R.G.S. 

J. H. Arkwripht. 

Rev. D. Davis, B.A. 

Mrs. Coldicott. 

H. N. Dixon, M.A., F.L.S. 

P. Wright, F.R.Met.Soc. 

Rev. T. A. Preston, M. A., F.R.Met.Soc. 

G. W. S. Howson, M.A. 
/Rev. G. T. Ryves, F.R.MetSoc. 
\MissM. G. B. Ryves. 

G. Fellows. 

Miss MeUish, F.R.H.S. 

J. Dale. 

Miss F. H. Woolward. 

J. Farrah, F.R.Met.Soc. 



Miss Lilian Warner. 

T. Brown. 

W. Graveson. 

J. E. Little, M.A. 

H. G. Fordham. 

H. S. Tabor, F.R.Met.Soc. 

Miss Carver. 

Rev. A. Foster-Melliar. 

Miss E. J. Barrow. 

A. W. Preston, F.R.Met.Soc. 



T. Ruddy. 
A. T. Johnson. 
Mrs. K. Green. 
E. Peake, M.A. 
Miss M. L. Hodgson. 

{A. W. Moore. 
J. Murphy. 
Miss C. G. Crellin. 
H. S. Clarke, F.E.S. 



Hon. R. E. Dillon. 

J. M. Wilson, B.A. 

J. M. M«Bride. 

Rev. H. W. Lett, M.A. 

Rev. C. H. Waddell, M.A. 

Rev. W. S. Smith. 
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TABLE II.— LiBT OF OaaBBVEBS— CoiUinual 







It 






Statjon. 


County. 


il 


OBS.XVH. 








-w. 






94. Londondeixy . 




450 


T. Gibson. 






Londonderry . 


30 


Miss A. M. Campbell 




H 

97. New Gallowaj' . 


Don<^i . 




Miss K. Swiney. 




Kirkcudbiwhl . 


450 


T. R. Bruce. 




99! xWihill '. '. 


Ehimfries . 

Dumfries . 


510 

300 


J. Shaw. 

i Rmleriok 
Miss Muirhead. 






Dumfries . . 








Dumbarton . 


100 






Lincoln , 


90 


Rev. R. E. Cole. 




103. Great Coles 






J. Cordeaux. 




104. Thirek 


YorIts(N. R.) . 




A. B. Hall. 




105. East Laylon 


Yorks(N. R.) . 


570 


Mr^. E. 0. Maynard Proud. 




106. Daifaun 


Durham . . 


350 


H.J. Carpenter. 
S. Dunnelt. 




107. Camlxns . 








108. LilUeslwf . 


Roiborgh 


53° 


Miss 0. R. Carre. 




109. Kirriemuir 


Forfar 


250 


T. M. Nicoll. 




iia Aberdeen . 




40 


P. Harper. 




111. Newmill . 


Banff . 


350 


J. Ingram. 




112. Uianbryde 


Elgin . . 


50 


/J. Cruikshank. 
\\i. Taylor. 




K 


Inverness. 


60 


A. Birnie. 


I 


Ross '. '. 


SO 


J. A. Fowler. \ 


]\\. Di^X"" 


Ross 




J. P. Smith, M.D. 


3 



TABLE III.-Date (Day 


OF Ybae} of 


FlBST Flowerinq 


OF Planm, 1896. 


.„„». 


1 


1 


1 
1 

J 


1 




i 


1 
1 


1 


1 
i 


i 


1 

a: 


!■ 


r 


A 




























Maraiion 


64 


ftl 




100 






1 16 


no 


"n 


sm 




1S7 


3 


Mawnan Smilli . 


7S 




96 




111 


12s 


"!« 






i«S 




ica 


Palmoulh . 


Si 


4K 


loK 




114 








160 












rt 


1-i 
























Tiverton . . 
















Mr 


■■;<> 


iWl 






7«l 


Westward Ho . 
















iiji 








1K7 




Barnstaple . 


if> 


NT 


Ql 


loH 


JOO 




1^7 


"i" 


1W 


17s 




171 


269 


Sidcot . 


67 


M2 




J04 




fTiH 


141 


ISO 


■S7 


164 




1(12 


371 


Long Ashlon 




■J2 




116 








141 






HXl 




.JWi 










114 




124 


132 
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TABLE III.— Date (Day of Year) of First Flowering of 

Plants, 1895 — Continued, 



>TATION. 


1 

X 

71 


• 

i 

3 

66 


• 
4) 
C 


B 

c 

< 

1 

82 


• 

i 

■2 

i 

109 


•2 
is 

•5s 

X 

112 


• 

c 

(A 
V 

i 



X 
120 


• 

E 


X 

X 

130 


• 

H 

V 

«^ 

140 


■ ■ 

Q 
151 


• 

1 
I 

i 

u 

n 
165 


• 

1 

s 

X 

193 


•0 
.S 

U V 
V V 



181 


263 


;ton 


leg . . 


71 


75 


98 


"3 


• * * 


120 


135 


139 


160 


166 


• • • 


176 


255 


rvan's . 


71 


69 


81 


115 


115 


126 


141 


151 


154 


166 


• • • 


189 


247 


avid's . 


• ■ • 


75 


• • ■ 


92 


• ■ • 


• * • 


123 


154 


• * • 


174 


• « • 


175 


• ■ • 


fstwith 
B 

• • • 


74 


75 


100 


107 


109 


128 


130 


140 


• • • 


• • • 


151 


• • • 


• • • 


• • • 


• • • 


• • • 


114 


• • • 


120 


129 


137 


157 


184 


* • • 


>74 


242 


ney 


48 


62 


78 


100 


116 


108 


128 


144 


153 


179 


169 


178 


245 


• • ■ 


6s 


71 


79 


III 


122 


126 


135 


139 


159 


190 


• • • 


198 


^^A 


lenbridge 


74 


• • • 


• • ■ 


• • • 


* • • 


129 


136 


143 


159 


• • • 


• * • 


185 


268 


lalough 


65 


71 


93 


III 


• • • 


127 


144 


142 


161 


179 


* • • 


190 


266 


liU 

G 

Drooke . 


• • • 


• • • 


• • • 


• ■ • 


"3 


127 


144 


149 


160 


• • « 


• • • 


• • • 


• • * 


79 


74 


95 


"5 


116 


126 


143 


• • • 


• ■ • 


163 


• • « 


• • • 


• « • 


ridge . 


59 


58 


• • • 


112 


"5 


124 


134 


133 


160 


«75 


167 


• • • 


• • • 


:hurch \ 
lonicorum / 


11 


72 


80 


107 


114 


• • • 


137 


141 


• • • 


■ • • 


• • • 


• • • 


• • • « 


ford . 


57 


78 


94 


116 


121 


127 


143 


141 


157 


169 


169 


198 


269 


lorn Weston 


72 


74 


96 


117 


107 


127 


135 


136 


155 


159 


■ • • 


167 


258 


ngton . 


66 


• ■ • 


• • ■ 


116 


115 


122 


• • • 


■ • • 


161 


156 


159 


• • ■ 


262 


1 field Turgiss 


69 


90 


99 


no 


118 


127 


132 


137 


155 


157 


159 


161 


266 


U-on-Sea 


80 


94 


87 


117 


109 


126 


145 


'45 


150 


• • • 




* • • 


288 


ham 


59 


75 


81 


108 


108 


109 


138 


138 


156 


172 




178 


275 


r . 


• • • 


> ■ • 


• • • 


121 


* • ■ 


127 


150 


• ■ • 


• • • 


• • • 




• • ■ 


263 


)orough 


73 


71 


84 


116 


112 


• • • 


134 


140 


• ■ • 


■ • * 




■ • ■ 


• • • 


ley 


73 


71 


91 


117 


121 


126 


133 


150 


156 


198 




194 


• • • 


jhurst . 


34 


72 


82 


112 


120 


121 


136 


142 


157 


190 


172 


18s 


262 


^hurst . 


72 


89 


87 


118 


123 


134 


137 


136 


151 


• • • 


157 


167 


253 


Vicarage . 


72 


94 


95 


119 


118 


128 


135 


145 


159 


161 


161 


'75 


• • ■ 


• • • 


58 


95 


97 


118 


"5 


126 


130 


140 


146 


161 


155 


196 


237 


eigh . 


73 


85 


88 


no 


118 


122 


137 


141 


156 


160 


• « • 


174 


268 


jrfold . 


64 


68 


88 


115 


• • • 


131 


148 


149 


• • ■ 


• • • 


• • • 


... 


• • • 


ighurst 


• • • 


82 


89 


115 


• • • 


• * • 


136 


■ • • 


• • • 


• • • 


« • • 


... 


• • • 


3tt 


75 


79 


100 


112 


122 


121 


132 


144 


'5! 


• • • 


« • • 


185 


• • • 


»tone . 


62 


79 


98 


112 


119 


128 


135 


144 


158 


160 


169 


172 


• • ■ 


Molesey 


77 


• ■ • 




112 


114 


120 


130 


140 


161 


168 


191 


168 


274 


y. 


26 


• ■ • 


86 


no 


114 


122 


• * • 


141 


153 


• • • 


166 


• • • 


x)rough 


70 


70 


84 


116 


121 


128 


139 


146 


154 


164 


164 


179 


240 


ing 

D 

d 


74 


76 


104 


III 


• • • 


119 


132 


> > ■ 


• • • 


• • ■ 


• • « 


• • • 


• • • 


• • • 


76 


• * • 


100 


III 


123 


• • • 


• * • 


• • • 


• • • 


■ • • 


181 


255 


enham 


79 


81 


91 


III 


119 


123 


134 


147 


151 


167 


187 


195 


253 


"ord 


57 


60 


90 


112 


116 


125 


130 


134 


149 


"59 


167 


174 


252 


>rd 


58 


• • • 


106 


93 


105 


101 


122 


119 


129 


• ■ • 


189 


187 


276 


Vlbans (The 
mge) . 


64 


• • • 


97 


109 


116 


122 


132 


«43 


153 


155 


203 


194 


257 


Ibans (Addis- 
ibe Lodge) . 
tt 


74 


98 


104 


107 


"7 


123 


• • • 


138 


160 


165 


169 


• • • 


• • • 


76 


81 


89 


118 


120 


124 


133 


148 


161 


186 


• • • 


186 


• • • 


lamsted 


71 


72 


100 


118 


"7 


126 


142 


148 


150 


171 


169 


167 


261 


;nden . 


73 


84 


90 


115 


no 


127 


140 


146 


154 


169 


204 


• • ■ 


■ ■ • 
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■h. 
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1 


1 


1 


J 


i 


1 


1 




1 


1 


i 


% 


=- ^ 




•^ 


1 


1 




1 


K 


s 


1 


s 


I 




Koss . . 


76 


72 




"3 






■3' 














Bieinlon . 


74 


77 


8. 


"5 


"5 


124 


131 


144 








































Evesham . . 


S4 


*7 


104 




117 


1J4 


13' 


136 


155 


183 








Uilenhall . 


12 


56 


91 


114 


lis 


113 


140 


i3i 


161 




.89 






Northampton 


•}! 


75 


81 


113 




12? 


135 


'43 


152 


170 


17s 


178 


-m- 1; 


Churchsloke 


76 


77 


98 




127 


12S 


140 


139 


167 






182 


2^^»6a 


Thurciilon . 


76 


a? 


99 


"7 


uS 


12S 


■32 


1^2 


155 


15* 


170 


196 


27-*^ 10 




75 










131 






155 










Tenn . 






96 












160 




160 








7' 


79 




113 


'36 


129 


1*37 


153 


.64 


166 


'54 






Hodsock 


59 


70 


82 




i.S 


iiS 


134 


'5' 


'54 


174 


175 


16S 


»5-iei" 


Macideslield 


77 




116 


1J4 


'3« 


133 


144 


161 


167 


1S9 


.Sg 


191 


27.-<553 


Belton 


74 


71 


89 








13' 


147 


159 










Harrogate . 

E 
Wottnley . . 


34 


76 


92 


[20 


I20 


133 


'47 


144 


167 


170 


iSS 


179 


isi^^ 


74 


76 


90 


"3 


121 


IM 


131 


■39 




166 


■86 


iSt 


, 


Hatfield 


73 


Sg 










130 


144 












Hertford 


62 


69 


83 




108 




129 


136 


160 


16s 


174 


iSS 


a5C_ ij 


Hitchin 


73 


76 


94 


"3 




lis 


131 


J36 




'57 


153 


iSo 




Ashwell 




76 














149 








vr^J 


Socking . . 




Si 




"5 




124 


140 


IS' 


159 


166 








LcKden 


4 




93 


■07 


119 


iiS 


133 








170 






aav : 


7° 
74 


77 
76 


88 
92 


1:4 


115 


125 


134 


14. 


156 








'5^^ 


Brundall 

r 

Pal^ . . . 


76 


84 




,18 




124 


■137 


136 


161 


198 




181 


25^» 










131 


13' 


149 


■ 56 


i6t 


19a 


163 


191 


28^^ 




76 


fo 










'34 


146 


)6o 






SIS 




Clauchlon . 
Gi^leswick 




84 


99 


127 


129 




■46 


'54 


'59 


.So 


181 


197 




76 


76 








133 


IJO 


'53 


'59 


171 


166 


.87 






69 


79 


9' 




136 


130 


137 


149 


15a 


170 


162 


183 


25^ 


Cronkbourne 






ns 






144 


147 


J45 






13S 




i7«s 


Orry'B Dale . 

a 

Clonbrock . . 


ioM 


61 




i« 




1^3 


134 


'5' 


15a 




"54 


177 








92 


114 


























lis 


116 






132 




157 






z 




West port . 
LouEhhrickland . 


75 




»2 






117 


IJ6 












wjsr 


ss 


as 


JO3 


'15 




"34 


146 


156 


161 










Saintfidd , 


71 


70 


90 


117 




ija 


148 


'57 


166 








^>^ 


Aatrim 




93 




I'S 




129 


.46 


lis 


iS8 


190 




i'ii 


a6S^ 




71 


39 


103 


124 




13" 








'99 










*5 






109 






•38 




»S7 






ii* 




Ramelton 
H 
New Galloway 








114 




iJ6 




'5' 


ii3 


194 








77 




III 


135 




140 




m 


'56 










Tynron 
Thorohiil . 


79 


103 


107 


124 




'34 


156 


'55 


157 




.6^ 






«3 


91 


109 




w 






155 


159 








— 


Jardinglon . . 


78 


79 




134 




IJO 


147 


152 


'57 


186 


'5' 




- 1 




75 


66 


110 


"i 


'30 


m 


148 


'47 


159 


eu 


J09 




- 1 



MAWLEY— REPORT ON THE PHENOLOGICAL OBSEEVATIONS 137 













1 


i 




i. 




- 
















E 




£ 
















STiTrOM. 


1 


1 

5 


1 


1 
1 


1} 


1 

1 


= 


6 


1 

1 


1 


^ 


? 


i 


I 


r? 


?5 


89 


"5 




"S 


'35 


148 


159 


lEo 


161 


'73 




rhirsk 


62 


?4 


^ 






129 


132 


147 


■63 


177 


1*3 


1G2 


:^7 


fast Laylon 


79 


S9 


10s 


123 




129 


146 


'70 


'72 








a69 


>trhiiai 


77 


ss 


93 


"S 




140 


147 


160 


J7i 




173 






:fln.bois . 




73 


'OS 


119 


J5I 


147 


ISO 


'57 


166 


199 




20*5 




Jllieslraf . 
J 


90 


Jf2 


117 


128 




13s 


'43 


'54 


'59 




'85 


"93 


wis 
















154 


156 


i^ 


'57 






Xberdeen '. 




84 








■^ 


149 


.69 


'73 


'93 


198 






■icMnill 


iii 


.^ 




126 


I'air 


'5° 


'S3 


166 


'93 


167 


196 


:i8o 


Junbryde . 
K 






105 






129 


142 


i5S 


'55 




144 












<3i 




'3° 


149 


■ss 


,58 


... 


iSi 




.., 




68 


79 


"5 






141 


148 


160 


157 




■ So 




... 


iingwall ! 


















161 




'75 


171 





n calcnUting the means 



Observe! 



3' N<x 



I^ce»ber1894. — Mavman Smitk (A.) — 24th. Trees etill green. LanriistiniM 
oJI flower for ChrietmaB decorations 30th. First enow, laurustiniu much cut 
spoilt. Falmouth (A) — 24tli. A camellia fuUy out in the open air. TViwrton 

3IbL Dug new potatoes in the garden from email ones left in the grouod. 

i*»niey(B) — 2Ut Mignonette, pan^y, doronjcum, chrysanthemum, polyanthus, 
na and other roses, anemone, yellow marguerite, wallflower, violet, cytisue, 
«iihretia in flower. Bembridge (O) — 25tli. A good many flowers still to he 
in the gardens, including numerous primroses and polyanthuses. Bucihom 
9ton (0>— ISth. Picked a lesser celandine and ripe wild strawberry. Pen* 
Sffcm (O) — 28th. Spurge laurel in flower. Churl Vicarage (O) — 24th. 
t«*ti different kinda of flowers still in bloom in my garden, including 
"TislinuB, strawberry, cowslip, and roe& St. Albans {The Grange) (D) — White 
«:je in flower during the greater part of month. Rooks building at The 
"■•Jge, Welwyn, for several days before Christmas. Berkhamtled (D) — 1st. 
*lias killed. 3Iat Last rose bloom of the year destroyed by frost. Brandall 
— 22nd. Violent South to West gale. Penmaenmawr (P)^Unusually large 
k« of redwings, fieldferes, and Btarlinga. Ambleside (P) — 22nd. Fierce storm, 
'^king many trees. Ballynagard (Q) — 2 1st Terrific gale, which nprooted a 
•■t number of trees and blighted almost all the shrubs which were in the 
t exposed. Tynron (H) — 22nd. Tremendous wind at 9.30 am., my large 
"•■y-tree blown down. Fearful destruction worked among the woods, worse 
* in winter of 1893.4. Camboi* (I)^26th. Wallflowere, pansies, and carna- 
^ still in flower in cottage gardens. 
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TABLE IV.— Mean Datbs (Day 


OF Year 


FOR 


the 


First Flowering 


IN 1895. A 


ND TBEIK Variations fiiom the Atbbaoe. 




A. 


B. 


c. 






Enaii,.d, S.W. 


In^Und, S. 


England, S. 


En, 




. & 


L 






J. 




!_. 


J ■ 








Se 






g? 


J, 


1 




s 




1 


V 




1 


J 


Is 


S 




■2 






■< 






I-? 






■|^ 








< 


> 










* 






Hnid . . 


72 


*3 


+ 49 


¥ 


21 


+42 


68 


31 


+ 37 


69 


Colisfool . 


7' 


44 


-I- 27 


43 


+ 36 


78 


52 


+ 26 


75 


Wood Anemone . 


93 


58 


+ 35 


«] 


56 


+ i7 


9' 


66 


4 25 


95 


Blackthorn . 


109 


91 




JC^ 




+ 18 




9' 


+ 33 


"3 


Gallic Hedge Mustard 


114 






117 




+ 6 


1)6 




+ 5 


"9 


Horse-cheslnut . 


124 


126 


- 2 


"3 


126 


' 3 


135 


126 




'25 


Hawlhorn . 


'JS 


'3' 


+ 4 


,36 


'3' 


+ S 


137 


'3' 


+ 6 


'35 


White Ox Eye - 


147 


'39 


+ S 


141 


139 


+ 3 




'39 




'*i 


Dog Rose . 


158 


'56 


+ 2 


ISS 


160 


- 2 


.56 


'55 + ' 


.58 


Black Knapweed 


'^i 


'75 


- 4 


.8] 


J 79 


+- 4 


168 


174 - 6 


170 


Harebell . 


'78 


iSg 




,6, 


■93 


-34 


163 


t88 -2S 


^P 


Greater Bindweed 


'79 


'95 


-16 


.85 


'99 


-14 


'79 


'94 -'S 


185 


Ivy ... . 


255 


263 


- 4 


S57 


266 


- 9 


263 


270 - 7 


263 


Mean for the 13 Plant- 


'39 


TI7I71 


r^-^ 


+ 6 


.38 


"^1+. 


141 


Plants, 


E. 


F. 


0. 




England, E. 


Edglsnd, N.W. 


ImlM.1, N. 


Sc 


Haul 


13, 


36 


+ 36 


74 


32 


+ 42 


73 


29 


+ 44 


78 


Coltsfoot . 


7S 


57 




76 


S3 


+ 23 


85 


50 


+ 35 


85 


Wood Anemone . 


94 


71 




95 


67 


+ 28 


94 


64 


+ 30 


109 


Blackthorn . . . 




95 






97 


+ 23 


"5 


97 


4-18 




Garlic Hedge Mustard 


115 


"5 


Av. 


12S 


"7 






t'7 


- 5 


'3° 


Horse-chestnut . 


laa 


130 




131 


13* 


Av. 




132 


- 4 


'34 


Hawthorn . 


'33 


'35 




Hi 


137 


+ S 


141 


137 


+ 4 


150 


White Ox Eye . 


140 


'43 




'S' 


US 


+ 6 


'53 


'45 


+ 8 


152 


Dt^Rose . 


iSS 


15? 




'57 


161 


- 4 


'39 


164 




158 


Black Knapweed 


in 


.76 




■78 


■ So 




'94 


'83 


+ 11 


'94 


Harebell . 


166 






■65 


194 


-29 




'97 




176 




1S2 


JIfi 




■87 




-13 


1S4 


ao3 


-ig 




Ivy ... . 


354 


373 


-'9 


271 


27' 




26S 


271 


- 3 




Mean for the i.l Plants 


"^ 


'36 


+■ 2 


'44 '37 


+ 7 


142' 


'33' 


+ 9- 


>^ 


Plant. 


I. 


J. 


K. 


Bi 




England. N.E. 


ScotLLnJ. E. 


Scotland, N. 




Hazel 


11 


37 


-^4o 




38 




68 


37 


+3' 


71 


Coltsfoot . 


19 


58 




93 


59 


+ 34 


79 


58 


+ 31 


79 


Wood Anemone . 




12 


■i-iS 


106 


73 


+ 33 


I'S 




+ 43 


98 


Blackthorn. 






4-18 


126 


103 


-1-33 


:j7 




+ '7 


117 


Garlic Hedge Mustard 










'23 


+ . 




'30 






Horse-cheslnut . 


134 


'37 


- ; 


137 


'38 




'36 


'45 


- 9 


119 


Hawthorn . 


142 


142 


Av. 


■47 


143 


+ 4 


'49 


150 




141 


White Ox Eye . 


'56 


IJO 


-t- 6 


'58 


IS' 


+ 7 


'SS 


'58 


Av. 


'49 


Dog Rose . 


16S 


'63 




161 


166 


- 5 


'59 


'73 


-14 


'59 


Black Knapweed 


tS5 


182 


+ : 


191 


1S5 


+ 6 




192 




lii 


Harebell . 




196 




167 


'99 


-3= 


179 


206 


-27 


172 








- u 


196 


Z05 


- 9 


'7' 




-4 


184 


Ivy ... . 


368 


374 


- 6 


2S0 


277 


+ 3 




276 




265 


Mean for the 13 Plant? 


^ 


^ 


+ 6 


'57* 


[52- 


+ 5" 


.34:''3.: 


T^ 


'43 



• For 12 Planta. + For 11 PUnta. J For 10 Plants. 
¥ indicates the uomber of days lat«r tlian the average dat«. 
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January 1895. — Mawnan Smith (A) — 7th. Nasturtiums killed. St. 
ArvavkS (A) — 29th. Birds getting very tame with hunger ; rooks dying. Pen- 
nifigton (0)-^23rd. Winter aconite in flower. Chislehurst (Oy— 17 th. Winter 
aconite in flower. Churt Vicarage (O) — 16th. Picked a more than half-opened 
bloom off a tea-rose (Rubens) from south-east wall of Vicarage. Lexden (E) 
— 16tL Winter aconite in flower. 

Februaby. — Ma^azion. — ^The frost has destroyed a very large portion of the 
broccoli crop. The extra hands engaged at the railway station for the broccoli 
season have all been discharged, as their services will not be required. Large 
numbers of birds have been killed, those which suffered most being redwings, 
thrushes, missel-thrushes, and starlings. Many golden plover and peewits have 
also succumbed. Mawnan Smith (A)^Hollies and bays sufl]^red terribly from 
cold winds. Piles of dead wild birds brought out of rat holes by ferrets after 
cold weather. 14 th. Our cold has been mostly in wind. Redwings and thrushes 
were the only birds found in this garden helpless or dead. Falmouth (A) 
— ^Very strong Easterly wind- Shrubs exposed to its full force seemed literally 
burnt up, for instance, gorse and escaUonia. Bay and laurestinus also suffered 
considerably. Liskeard (A) — 13th. No thrushes heard, until to-day, since 
January 4th. Sidcot (A) — North and North-easterly winds were cruelly keen, 
and fjEdrly burnt up the evergreens. Several dead thrushes lying about Long 
Ashton (A)— Gorse almost everywhere killed near Lynton. Castleton (A) — 
Shrubs much damaged by frost, some dead, and others only now (April) slowly 
recovering. St ArvatCs (A) — All winter greens destroyed by the frost 28th. 
Winter aconite in flower. St DaiMs (A) — Much gorse and many shrubs have 
entirely perished. Dead birds (starlings and others) lying about by hundreds. 
Woodcock, snipe, and lapwings entirely absent Aherystwith (A) — Evergreens 
have suffered much and look wretched. All resident birds, except buntings and 
finches, much reduced in number. Probably nine-tenths of the thrushes killed. 
Very few hares left Killamey (B)^17th. Great flocks of sea birds haunted the 
houses, tamely feeding inside our doors — gulls, guillemot, and curlew. Ferns 
(B) — Escallonia, bay, Portugal laurel, and even common laurel kiUed. Wooden- 
bridge (B)— Shrubs suffered greatly in exposed positions. Glendalough (B)^ 
Immense injury was done here to trees by the snow. Nearly every Scotch fir, 
oak, and birch on the shady side of the valleys had their boughs torn off^ In 
places the oak woods were half destroyed — greatest destruction in living memory. 
Otashill (B) — Gorse blighted to a large extent Bays and laurustinus killed. 
Mr. Digby (Lord Digby's' agent), when the snow lay on the ground, on cutting 
down a large branch from a sycamore tree, noticed that the sap was flowing so 
copiously that he was obliged to move from under the branch to save himself 
from a shower-bath. Carisbrooke (O) — By the end of the month not a green leaf 
or grass blade was to be seen in the Isle of Wight, while gorse was in most places 
killed ofL The various evergreen shrubs, for which the island is so famous, have 
been severely handled by the prolonged East wind, and present now (April) a 
miserable appearance everywhere. Bembridge (Oy — All the veronicas kiUed. 
Fuchsias, rosemary, thyme, and sage also killed except in sandy soil Bewick's 
and the Hooper swans seen as in winter of 1891-2. Cold cutting winds and no 
snow on ground. Scotch kale the only green vegetable not destroyed. Buckhom 
Weston (O) — The gorse and a great deal of the laurustinus killed. Bays and 
laurels much injured. Pennington (O) — Vegetables spoilt, roots frozen and 
rotting. Thrushes and starlings dying from hunger. Winter birds scarce all 
the season. Strathfield Turgiss (C)— All growth at a complete standstill, and no 
insects or birds moving. Chislehurst (O) — Portugal laurel killed. Coneyhurst 
(P)— 16th. The frost has done no great damage here. Of wild plants the heather 
and gone suffered the most Churt Vicarage (O) — Brussels sprouts destroyed. 
Evergreens, such as laurel, much injured on the south side, where the effects of 
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TABLE V.-Datb (Day 


OF Ybab) 


F SONO A 


ND MlOBATIOV 


OF 


BlBDB, AN 


J, 




First Appbarancb of Inbrcts, 1 

I.I 


96. 








l! 


ll 


p 


1! 


ll 


i 


1 


h 


■->. 


1 

< 






F 


*j 


"i 


ll 


u 


^J 


1 


> 


1" 


I 


1 




A 


























Marnzion .... 


60 


106 


113 






274 


93 




79 


123 




' 


Mawnan Smith 




lOS 




119 


... 




... 


77 




94 


123 






Fdmouth . 






90 


;a 




■38 


291 








123 


i« 




LJskeatd . 
Tiverton . 
Westward Ho 




4 




... 


'37 




64 


"3 


lOI 


142 










'°S 


103 




'"j6 


2SS 


94 


130 


105 


143 


iss 




Sidcot 






■03 


1*3 


119 




284 


76 




106 








Long Aahton 








113 










117 










Clifton . 








105 


'i's 








103 


118 






Penarth , 








105 








72 


t24 


109 




161 


Castleton , 




64 




109 




'39 


28s 


70 


s. 


11S 


119 


143 


Bosult^ . 




57 




106 


109 


140 


282 


47 


92 


Ii7 






Si. Arvan's 




59 


« 


107 


124 


1JJ9 


^73 


63 


35 


124 


131 


170 


St. David's 




S8 




to6 








76 




103 


142 


iS9 


Aberystwilh 

B 
Cork 


70 


101 


lit 




13' 




98 


106 


107 


'23 






JSS 


1S3 




17i 




t04 




ti8 


109 


'67 


Killamey . 






to? 


.08 






27i5 


71 


103 


97 


119 


14* 






53 


96 


107 


'.'.'. 




273 


94 


« 




123 


'5' 


Woodenbridge 




53 


^2 


104 






302 


60 








>7» 








103 


loS 






269 






(27 






Geashill . 

C 
Carisbrooke 






W 




123 






121 




lag 


.75] 


5" 


tot 


109 


107 






76 




101 


13$ 


'9Z, 


BEmbtidge 


19 


99 








3*6 


73 


94 


79 




19^ 


Whitchurch Canonicorum . 




107 


IQ7 








92 


66 


^3 






Blandford .... 






gS 


106 


105 


302 


74 


123 


77 


I'is 




Buckhom Weston 


62 




toy 


106 


115 


304 






99 




i6« 


Pennington 




io6 


107 


loS 


137 




s't 


109 






■7* 


Slrathfield Tutgiss . 


■(4 


84 




log 


t42 


274 


54 


93 


"9 


'^5 


,6^ 


Bexhill-on-Sea . 


5* 






103 


119 


j20 


62 


90 


107 


14s 


14.:* 




68 






104 


130 


2S5 


59 




91 


lig 




Dover , . , . 




IJ3 








313 












Swanley .... 




iiS 


97 


99 








"S 






i5i^ 




49 


lo6 


103 


jog 


12S 


284 


70 






147 


17^ 


Coney hurst 


61 


'°3 




104 


124 


280 


72 


9" 








Chart Vicarage . 


19 


103 


103 






2S4 


70 


126 


90 


'47 


16^ 


Churt .... 


55 


'OJ 




J(H 


127 


^83 


70 




97 


126 


-m 


Cranleieh .... 
Winterfold 




104 




107 




277 


70 


114 




119 




105 




107 


115 






104 








Willinghurst 
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Jv,» 




17,1 


lOth 


.1,1 


tjih 


fjih 


i6ih 


4Lh 


9'h 


4lh 


ic^ 



The datea in italia have m 



alternate bud by day and froet by night have all but killed them. Clu^'^ 
(O) — Blackbirds, thrushes, larks, etc, have died in great numbers. CranieC^^ 
(O) — Piercing Norlh and North-easterly winds throughout the month. Fields ^** 
cabbages destroyed by the frost. Winlerjold {Oy — Gorse, heather, comui*;;^*' 
laurek, and also all green vegetables, suffered most during the frost Addleit'> ■^*''' 
(O) — Common laurel, launistinus, and Portugal laurel badly cut by frt^^* 
MaTlhoTOugh (O) — Most of the winter greens were destroyed, and all species "^^ 
berberis cut to the ground except berberis vulgaris, ChelUnham (D^Amo*^^-* 
shrube laurtiatinus, Portugal laurel, bay, and berberis Darwinii suffered mo^^^ 
Goree brown and withered. Beckford (D) — Scores of birds were killes^** 
Thrushes very scarce. Wtilford (D)— Every green vegetable killed. Laur^^^* 
tind bays have suffered greatly. Berkhamsted (D) — Much of the gorae c^^^^-^ 

Berkbamsted Common has been killed to the ground. Northampton (D) 

Shrubs suffered severely. Tkurcaston (D) — Portugal laurels and bays we 
severely cut Aucuba, yew, and cedar of Lebanon were also much injur^^^* 
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TABLE VIII. — Approximate Variations from the Average in Mean 
Temperature, Rainfall, and Sunshine, 1894-5. 

Winter 1894-5. 
Temperature, 



Months. 



December 
January . 
February . 



Winter 



Eng. 
S.W. 


Ire. 

S. 


Eng. 
S. 


Eng. 
Mid. 


Eng. 
E. 


Ene. 
N.W. 


Ire. 

N. 


Scot. 
W. 


Eng. 
N.E. 


o 

+ 3-5 
-6-0 

-IO-3 


+ 3-8 

-62 

-8-3 


+ 3.0 

-56 

-10.8 




+ 3-5 
-6-6 

-II-3 




+ 3-3 
-5-8 
-9.5 




+ 3-3 
-6-0 

-9.8 


+ 3-8 

-5-4 
-8.3 


+ 3-8 
-6-8 
-9.5 


+ 3-0 
-5.6 
-80 


-4-3 


-3-6 


-4.5 


-4.8 


-4K5 


-4.2 


-3-3 


-4.2 


-3-5 



Scot. 
£. 



o 

+ 20 




-h2-S 

-6-8 -66 
-9.8 -7.3 



-4.9 



-37 



Rain, 



December 
January . 
February . 



Winter 



in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


-0-2 


+ 0-2 


-0.3 


-0-2 


-0-2 


+ 0.3 


+ 0-4 


-0'4 


- IK5 


-O-I 


-O-I 


-0.3 


-0-2 


+ 07 


+ 11 


-0-6 


-07 


-4-9 


+ 2-6 


00 


-2-8 


-17 


-1-8 


-19 


-14 


-20 


- 1-2 


-31 


-0.8 


-i^ 


-3-1 


-1-8 


-2-3 


-1.4 


-0.5 


-2-3 


-1.5 


-8.4 


+ 08 


-17 



in. 

-Hi-9 
-2-6 

-2'8 



-3-5 



Sunshine. 



December 
January . 
February . 



Winter 



hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


+ 2 


- 5 


+ 6 


+ 3 


- 3 


+ 3 


- II 


- 2 


+ 2 


- 12 


+ 33 


+ 10 


+ 12 


+ 10 


- 10 


+ 19 


+ 19 


+ 36 


+ 6 


-18 


+ 23 


+ 15 


+ 19 


+ 26 


+ 26 


+ 23 


+ 19 


+ 17 


+ 44 


+ 18 


+ 58 


+ 20 


+ 37 


+ 39 


+ 13 


+ 45 


+ 27 


+ 51 


+ 52 


- 12 




-^37 



Spring 1895. 
Temperature. 



March 

April 

May 



Spring 





-0.3 
+0.8 

+ 2-0 


+0-3 

+0.5 

+ I-2 




-0-5 
+0.8 

+ 2-0 


+ 0.3 

+ I-0 
+ 2-8 


+0.8 

+ I-0 
+ 2-0 


-0.8 

00 

+ 2.4 




+0-5 
+0.8 

+ 2-2 


+ 0.3 
+ I-0 
+ 2-4 



+ I'O 

+ 1-3 

-i-2-O 


+ 03 
+08 

+ 2-8 


+ 0.8 


+ 07 


+0-8 


+ 1-4 


+ 1-3 


+0.5 


+ 1-2 


+ 1-2 


+ 1-4 


+ 1-3 



+0-5 



+ 1-5 



Rain. 



March 

April 

May 



Spring 



in. 


in. 


in. 


m. 


in. 


in. 


in. 


in. 


in. 


in. 


+ 07 


+ 0.9 


o-o 


-f O-I 


+ 0-2 


+ 1-2 


+ 0-9 


+0-3 


+ 0.3 


+ 0.5 


-O-I 


-0-6 


o-o 


+0-2 


-0.5 


+ 0-2 


-0.3 


-0-2 


-0.5 


-0.5 


-1-8 


-1.5 


-17 


-1.6 


-0-8 


-1-3 


-17 


-2-3 


- I-O 


-1-3 


- 1-2 


- 1-2 


-17 


-1-3 


- i-i 


+ 0-I 


- i-i 


-2-2 


- 1-2 


-1-3 



Sunshine. 



March 

April 

May 



hrs. 

- 2 

- II 

+ 79 



hrs. 

-15 

-33 
+ 16 



Spring 



4-66 



-32 



hrs. 
- 2 

-23 

4-41 



4-16 



hrs. 
- II 

+ 5 
+ 63 



+ 57 



hrs. 

+ 7 
- 7 
+ 39 



+ 39 



hrs. 

-23 
4- 6 

+ 34 



+ 17 



hrs. 

-17 
- 8 

+ 31 



hrs. 

-29 

-20 

4-18 



+ 6 



-31 



hrs. 
-19 

4-22 
4-25 



4-28 




4- indicates above the average, - below it. 
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TABLE VIII. — Variations from the Average — CoTUinued. 

Summer 1895. 
Temperature, 



VfONTHS. 


Eng. 
S.W. 


Ire. 
S. 


Eng. 
S. 


Ene. 
Mid. 


Eng. 
E. 


Ene. 
N.W. 


Ire 

N. 


Scot 
W. 


Eng. 
N.E. 


Scot. 
E. 


Scot. 

N. 


• • 
* • • 

ISt 


o 

+ 1-5 
-o6 
-0.3 




+ 1-3 
-16 

o-o 


+ 0.8 
-0-6 
+0.8 


+ 0.8 
- I'D 
+ I-0 



O-O 

-0-6 
+ 1-3 


+ 0-3 

-1-4 
+ 0-8 




+ 1-3 

-I-O 

+08 




+ 1-3 
- 1-2 

+ 1-5 



+ 0.5 

-0-5 

+ 2-3 


+0-5 
-1-4 
+ 2-3 


+ 0-5 
- I-O 
+ 2-0 


ner . 


-fO-2 


-O-I 


+03 


+0-3 


+0-2 


-O-I 


+0-4 


+ 0-5 


+0.7 


+0.5 


+0-5 


Itain, 


• • 

• • 

ist 


in. 
- i-i 
+0.8 
+01 


in. 
-0-9 
+ 1-9 
+0.5 


in. 
- i«o 

+ 1-5 
o«o 


in. 
-0-9 
+0.8 
-0.5 


in. 
-1-4 

+ 1-4 
+ 1-2 


in. 

- I-O 

+ 1-0 

+ 0-2 


in. 

- I-O 

+ 1-7 
+ 1-5 


in. 
-1-7 
+ 0-6 

+ 2-3 


in. 
-0-2 

+ 1-7 
+ 0-1 


in. 
+0.3 
+ 0-8 

+ 1-3 


in. 

+06 
+ 0.3 
+ 1-9 


nor . 


-0-2 


+ 1-5 


+0.5 


-0-6 


+ 1-2 


+ 0-2 


+ 2-2 


+ 1-2 


+ 1-6 


+ 2-4 


+ 28 


Sunshiiie, 


m • 
• • • 

ast . 


hrs. 
+ 66 

-15 
- 4 


hrs. 

+ 65 
-47 
-43 


hrs. 

+ 51 
-21 

+ 50 


hrs. 

+ 52 
- II 
+ 28 


hrs. 

+ 35 
- 4 
+ 45 


hrs. 
+ 61 

+ 7 
- 2 


hrs. 

+ 79 
-42 
-28 


hrs. 

+ 49 
-21 

-22 


hrs. 
+ 40 
- II 
+ 6 


hrs. 
+ 42 
-14 
- 5 


hrs. 

+ 33 

-37 
+ 10 


mer . 


+ 47 


-25 


+ 80 


+ 69 


+ 76 


+ 66 


+ 9 


+ 6 


+ 35 


+ 23 


+ 6 


Autumn 1895. 
Temperature. 


ember 
>ber . 
?mber 


+ 4-3 

-0-2 
+ 0.4 


+ 2-8 
-0-2 
+ 0-I 


+ 4-5 
-02 

+0-5 


+ 4-8 

-0-2 

+0-4 


+ 3-8 
-0-2 
+ 0.4 


+ 4-3 

-0-2 
+ 0-2 


+ 4-5 
-0-2 

+0-2 


+ 3-8 
-0-3 
+ 0-2 


+ 4-3 
-0-3 

+ 03 


+ 4-3 
-03 

+ 0-1 


+ 4-0 
-0-3 
+ 0-1 


mn . 


+ 15 


+ 0-9 


+ 1-6 


+ 1-7 


+ 1-3 


+ 1-4 


+ 1-5 


+ 1-2 


+ 1-4 


+ 1-4 


+ 1-3 




Main. 


mber 
>er . 
naber 


in. 
-29 
+ 06 
+ 1-8 


in. 

-2-3 
-0-6 

+ 2'2 


in. 
-17 

+ 0-I 

+ 1.8 


in. 

-2-0 

-o»6 
+ 1-5 


in. 
-1.7 

0-0 
+ 0-5 


in. 
-1-8 
+ 0-5 

+ 0-2 


in. 
-2-2 
+ 0-8 
+ 0-6 


in. 
-2-8 

- 1-2 
+ 0-2 


in. 
-1-8 

+ 1-4 

-0-2 


in. 
-1-7 
+ 0-7 
+ 0-3 


in. 
-0-3 
-0-2 
+0-1 


tin . 


-0.5 


-0.7 


+ 0-2 


- I-I 


- 1-2 


- I-I 


-0-8 


-3-8 


-0-6 


-0-7 


-0-4 




Sunshine, 


luber 
>er . 
tuber 


hrs. 

+ 59 

+ 17 



hrs. 
+ 50 

+ 36 
+ 16 


hrs. 
+ 88 

+ 5 


hrs. 
+ 81 

+ 7 
- 5 


hrs. 
+ 90 

+ 3 

+ I 


hrs. 

+ 58 
+ 28 

+ 4 


hrs. 
+ 40 
+ 48 
+ 18 


hrs. 
+ 40 

+ 32 
+ 6 


hrs. 
+ 89 

+ 44 
- 9 


hrs. 

+ 35 
+ 49 

+ I 


hrs. 

-37 
+ 16 

+ 11 


nnn . 


+ 76 


+ 102 


+ 85 


+ 83 


+ 94 


+ 90 


+ 106 


+ 78 


+ 124 


+ 85 


- 10 



I above Table has been compiled from the variations from the mean given in the 
f Weather Bqports issued by the Meteorological Office. 

L 
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BeesUm (D)^Great damage caused to hollies, goree, etc., by rabbits during the 
frost Hodsock (D) — Most laurels had to be cut down, but some have survived. 
Some shrubs, such as yews and cupressus Lawsoniana, which we have never 
known injured before, look very brown, although not killed, while other kinds 
of trees are not as much injured as in previous winters. Wormley (B) — ^The 
gorse has suffered very much. Bocking (E)^Here no shrubs, even of tender 
kinds, seem to have been absolutely kiUed, though some lost many, or most of 
their leavea Lexden (B) — Of shrubs which were very nearly or qtite killed 
may be mentioned veronica, euonymus, bay, gorse, and yellow broom. Thrushes, 
fieldfares, rooks, and blackbirds felt the loss of food severely, and several had either 
one foot or both feet frozen. . Tacolneston (B)^6th. Bees were tempted out by 
the warm sun, and died in numbers. Pal^ (P) — Portugal laurels suffered more 
than any other shrub last winter, but in 1881 were uninjured. Exactly the 
opposite has happened to the common laurel, which in 1881 was killed to the 
ground. Penmaenmavrr (F) — 9th. Jackdaws killing and eating half-starved larks- 
Claughton (P) — Some of the large Portugal laurels are looking dead, and maay 
nearly so, from effects of frost and blizzard. Giggleswick (P) — Evergieens 
suffered badly from long winter and late snow. Ambleside (P)— Hundreds of 
shrubs were killed all over the place, especially where they were exposed tXJ 
sunshine during the day. Many birds were found dead or dying on the ice, aii<i 
amongst them gulls and snipe. Cronkboume (P) — E^scallonia, sweet bay, a»<i 
many laurustinus were killed to the ground. Numbers of blackbirds, thrusheB, 
etc, have been found dead. Sulby (P) — 6th. The severest snowstorm ev^^ 
experienced in the Isle of Man within the memory of any living person coDa* 
menced on this day. Edgeworthstown {C3t)—Much damage done to shrubs of oH 
kinds. Laurels killed in many places. Westport (G)— Cold felt very much l>y 
birds, particularly starlings, which died in thousands. Loughbrickland (Q-) — ' 
The frost killed all the gorse (except where protected by heavy drifts of snow) 
down to the ground. Saintfield (G)-— Gorse killed by frost Antrim (Q) — ^Tender 
shrubs have been cut to the ground, and some killed outright Portugal laurels 
were stripped bare, and are now (April) budding again. Saw blackbirds, gvJ^ 
coots, and grebes lying dead. Ballynagard (G) — Sea-gulls came in dozens roui*^ 
the doors for food, and even ventured on to the window-silL Ramelton (Q-) — " 
Fuchsias 8 feet high killed. Irish and other yews greatly blackened and injured- 
Leaves blown off all the hollies. A great deal of gorse killed. Tynron (H)- — 
Laurels and coniferous trees, such as Thuja borealis, almost killed. Great Cotes (^ 
— The greater part of our thrushes were carried off by the severe winter, an<* 
those surviving were very thin and out of condition. Thirsk (I)—QoTQe qtii*^ 
brown and apparently killed. Very few blackbirds or thrushes, but numero'^ 
chaffinchea The red deer in Buncombe Park have escaped over the high fenced 
and are now wandering about the country. Many are lying dead in the p*r^ 
and in the woods around. A great many wild swans have been shot in ti*^ 
district. East Layton (I) — Laurels almost exterminated. Yews and other eve^' 
greens much injured. Lilliesleaf (I) — Laurels and rhododendrons have suffered ^ 
good deal Aberdeen (J) — Many shrubs, such as cupressus Lawsoniana, pemetty*^» 
retinosporas, cryptomerias, and araucarias have been killed outright Neiom*^^^ 
(J) — All evergreens above the sdow were very much injured, especially lauje-*^ 
and hoUiea Trees were also split by the action of frost Beauly (K) — Ma^^ 
araucarias, hollies, berberises, gorse bushes, and brooms killed outright Porti 
laurels were much injured, but have since (April) recovered. 

March. — Penarth (A) — The severe winter did not seem to affect inaec^^ 
much, except delaying the appearance of March species a few days. St Arva'f^ 
— 24th. Very strong Westerly gale. Aberystwith (A) — 4th. Frog spa'' 
Buckhom Weston (O) — 26th. Hazel never so late in flowering since 18^ ' 
St. Albans {The Grange) (D) — 24th. One of the most destructive galea to 
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ich has ever passed over Hertfordshire. Beeston (D)— 24tlL The gale whirled 
Jiy rooks* nests out of the trees, but they were rebuilt within 48 hours as a 
e. Hitchin (B)^23rd. Cyclonic storm brought down a large number of 
es. Saw myself four elms uprooted in a quarter of an hour, and counted 

trees blown down in a comparatively small area. Ashwell (B) — 24th. 
ry high wind, many trees uprooted, principally between 1*30 and 2*30 p.m., 
th shift of wind from South to South-west and West Tacolneston (B) — ISth. 
3 still not entirely gone from shaded ponds, and considerable remains of 
owdrifts in deep ditches here and there. Brundall (E) — 24th. Great Westerly 
le. On some estates near Norwich hundreds, and on others thousands, of fine 
es were laid flat, and in many cases whole plantations were left with hardly 
ree standing. It is no exaggeration to say that in the county of Norfolk the 
nber of large trees uprooted must have far exceeded 100,000. 

April. — Falmouth (A) — Trees, etc, were slow to come out this spring, but 
TJig once begun, seemed to grow very quickly indeed. Tiverton (A)— 3rd. 
as struck by the look of the lanes : the banks of periwinkles generally green 

the winter are now covered with withered trails. St Arvan*8 (A)-— 30th. 
xicrake heard. Ferns (B) — 12 th. Snow several inches deep still to be seen 
nany of the ditches. Buckhom Weston (O) — Noticeable absence of aphides. 
Erthfield Turgiss (O) — The nesting of all birds very late. Birds of all kinds 
'ce, many having died during the frost North Comtoall — In all this district 
elevated one between 400 and 800 feet high) April and May usually acquire 
lory all their own, from the flowering of gorse on the sides of the roads, 
>i8, wastes, etc This year we looked upon space after space, acre after acre, 
e after mile, covered with brown, withered -looking stems and prickles, 
rcely a flower to be seen and nothing green A friend residing on this 
perty, seventy-six years of age, told me it was the only season which had 
iuced such a result in his recollection, and he is a keen observer of nature. 
CJ. Tripp, Addlestone). Cheltenham (D) — Remarkable absence of aphis. Very 

:flowers on blackthorn. Berlchamsted (D) — 23rd. Wild cherry in blossom — ^its 
:^age date for previous nine years. Lexden (E) — Slugs numerous. Saintfield 
— ^Very little blossom on blackthorn, Antrim (G)— Have not seen a single 
ael- thrush. Ballynagard (G) — 29 th. Swift first seen, Ramelton (G) — 24th. 
aicrake first heard. Very few wasps. 

1«Iay. — Marazion (A) — 6 th. Swifts first seen. Mawnan Smith (A) — 20th. 
:ity of queen wasps. Nothing like the show of the last two years on the 
kthorn 28 th. Hollies still completely bare of leaves in our garden (on a 
>. Falmouth (A)— Primroses never finer or more abundant, also wild hya- 
«ha Tiverton (A) — 22nd. Hawthorn, although late in opening, now as full 
lowers as usual at this date. Sidcot (A) — Destruction from winter frosts 

nearly so great as feared. Pampas grass, several brooms, a fine passion 
^er on the side of a house facing west, and arbor vitae, were killed outright ; 

all our laurels, aucubas, escallonia, laurustinus, etc, which looked utterly 
ched up, as if they had no life left in them, seem now renewing their youth ; 

evergreen oaks and arbutus have now shed their dead leaves, and are being 
Bred with young shoots. Blackthorn and hawthorn blossom very scarce, also 
m blossom. Nightingales unusually plentiful this year. St. Arvan^s (A) — 
- Swifts seen. Snails and slugs more plentiful than usuaL Killamey (B) 
•'ew white butterflies, but many queen wasps. Whitchurch Ganonicorum (O) 
^epy few wasps or aphides this spring. Pennington (O) — Hawthorns blooming 
^ly. A great deal of hard pruning necessary amongst such shrubs as bay, 
Tistinus, escallonia, and especially Darwin's berberis. Great contrast between 
^ trees and brown flowerless gorse. 3rd. Swift seen and corncrake heard. 
^ill-^m'Sea (O) — The slug, grub, and wireworm abound this spring. Fam- 
€gh (O) — The winter frosts have killed all the gorse on the common. 
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Ghislehurst (G) — Hardly any flower-seeds come up owing to drought Ghv>rt 
Vicarage (G) — 7 th. Large number of queen wasps about. Slst The extent of 
damage done by the February frost can now be estimated. Gorse bushes and 
heather much injured, and in many places destroyed. Churt (O) — Nightingales 
in unusual numbers. Oxshott (O) — Common furise seems almost destroyed. 
Cheltenham (D) — ^Very few flowers on hawthorn. St Albans (Worley Road) (D) 
— 6th. Swift first seen, Tean(D) — 10th. Swift first seen. Berkhaimted (D) — TtL 
Blenheim orange apple in blossom one day behind its average date for previous 
nine years. Beeston (D)^18th. A wonderful amount of bloom on elms. Hodsixk 
(D)— Very few blackbirds and thrushes to be seen. Lexden (B) — 6th. Fiist 
swift seen. Sproughton (E) — Slst. Began to cut my hay, the earliest date I can 
remember. Brundall (E)— 16th. Storms of hail and sleet The results were 
apparent to the end of the month, the north sides of the trees being covered 
with brown shrivelled leaves as in November, while on the south side tBe 
bright green May foliage was intact Pal^ (F) — The winter snow was still to 
be seen in the hollows of the Bei-wyn mountains during the first week of tlu^ 
month. Pentnaenmawr (F) — The smaller insectivorous birds appear to have 
felt the severe winter frosts the most Claughton (F) — ^Blackthorn has flowered 

badly. Londonderry (G) — ^Very little blossom on blackthorn. Tynron (H) 

Have not heard the song-thrush this year, nor observed any promise of hawthorn 
blossom. Helensburgh (H) — 25th. Greenfly quite a plague here, and owing to 
dry weather has done much damage to trees, etc. 

June. — Marazion (A)— Ist No wasp has been seen up to this date. ^'- 
Arvan^s (A)— 2nd. Very little blossom on hawthorn. 28th. Eoees free frona 
aphides. St. David's (A) — Foliage of trees unusually heavy. Glendalough (S) 
— Butterflies unusually scarce. Have seen greenfly on only one plant Scarcely 
any flowers on the hawthorn this year. 14th. Potatoes in low -lying lax^** 
suffered much from frost. Pennington (G) — Roses very free from blight Iti^ 
Began cutting grass for hay, all carried by 24th. Chislehurst (O) — Some ha"^' 
thorns have no flowers at alL Thrushes and blackbirds quite as plentiful 
usual Churt Vicarage (O) — 13 th. Vegetable marrows destroyed and potato^^ 
and French beans injured by frost in lower parts of parish. 27th. Plants a^^ 
being forced prematurely into bloom. Churt (O) — Never saw the wheat looki**^ 
so poor and thin. Cheltenham (D) — Very few butterflies, but a great mft^^^ 
wasps. Beckford (D) — ^Very little greenfly. Radlett (D)— Very little hawtho^^ 
blossom in the hedges. Caterpillars did much damage to roses and lime t: 
Berkhamsted (D) — 15tlL A good deal of the young bracken killed by 
on Berkhamsted Common, Harpenden (D) — 8th. First ear of wheat obeer*'* 
fully out Ullenhall (D) — ^Very few thrushes to be seen this year. Tean (J> 
14th. Frost killed potatoes, kidney beans, and blackened ferns and young lea'*'^ 
of ash trees. Macclesfield (D) — 1st. Common hollies have had most of tli**^-- 
leaves killed by winter frost, and are now almost bare. 16th- Dahlias bS^^ 
kidney beans killed by frost. Wormley (E)— Very little hawthorn blossom tJ*-^^ 
year. Hatfield (E) — Great damage done by caterpillars in the woods he<"^^ 
some of the oaks ahnost bare as in midwinter. Ashwell (B) — ISth. ShJ*^^^ 
frost, scarlet runners and potatoes injured in places. Lexden (B) — No dimiJ*'*^^^ 
tion observable in the number of moths, early butterflies, beetles, slugs, and ^* 
smaller insects, with the exception of aphides. Pay (F) — 15th. Ferns w^ 
killed to the ground on banks facing the sun by the frost ; the tender top^ ^ 
the trees were also injured. Never remember such damage done by frost 
June. Claughton (F) — 10th. French beans and potatoes nipped by 
Loughbrickland (G)— 12th. Frost injured potatoes and dahlias. Antrim. {f3r 
12th and 13th. Potato crop greatly injured by frost, except on higher groa**- 
Londonderry {Or) — ^Very little blossom on hawthorn. Ramelton (Q)— Very lit- 
hawthorn blossom. Very tew wasps. Tynron (H) — 16th. Early potatoes <^ 





MA WLEY— REPORT ON THE PHENOLOGICAL OBSERVATIONS 149 

the ground by frost. Walnut leaves injured. Injury greatest to plants 
posed to the rays of the morning sun. Jardington (H) — Hawthorn blossom 
>t nearly so abundant this year. 15th. Potatoes on low-lying ground frosted. 
urham (I) — Wasps exceptionally plentiful Thrushes scarce, but blackbirds 
> not seem to have been affected. 13th and 15th. Potatoes and dahlias 
ackened in some of the low parts near the river. Lilliesleaf (T) — 13th and 
Hh, Potatoes blackened. Newmill (J) — Queen wasps are very numerous. 
Hiite butterflies plentiful Inverhroom (K) — 12th. Snow down to 1200 feet, 
id on 18th to 800 feet above sea-leveL 

July. — Mavman Smith (A) — 27th. Harvest begun. Buckhom Weston (O) 
-Several of the orchids missing from their habitats for the last two or three 
irs have bloomed this year. Churt (O) — ^AU kinds of moths most abundant 
rkhampsted (D) — 24th- My lawns were the colour of the gravel paths a week 
>5 but are now quite green again. Beeston (D) — ^A large crop of mushrooms 

the fields. Not many wasps. Nexomill (J)— Red admiral butterflies more 
txerous than usuaL 

August. — Mavman Smith (A)— 31st Harvest quite over and corn carried. 
r^nstaple (A) — 31st The number of species of wild plants observed in flower 
this date 567, at the same date in 1894, 524. Woodenhridge (B) — 17th. 
ifts left. Pennington (O) — 6th. Cut first wheat and oats. Very few wasps 
» summer. Strathfield Turgiss (O) — Butterflies of all kinds scarce this summer. 
^rt (O) — Blackberries plentiful and fine. Wasps scarce, also butterflies. 
^ham^ted (D) — 22nd. The foliage of roses, dahlias, and chrysanthemums 
"ced and torn, and the stems much bruised by haiL In some cases the flower- 
s were cut clean off. Northampton (D)— Owing to drought before the end 
lie month the leaves of the beech and other ttees were beginning to fall. 
^sock (D) — 7 th, Harvest began. Very few wasps, although a great many 
en wasps in the spring. Leaves falling from the beech and sycamore. 
''^i^m (Qf) — 12 th. Swifts last seen. Jardington (H) — I never remember the 
e growing so quickly. 

September. — Marazion (A) — 2nd. Butterflies of all species are very scarce. 
f>nan Smith (A) — 2nd. Blackthorn in flower. Tiverton (A) — 28 th. Wild 
^^berries ripe, apple tree in blossom and fruit Rosa arvensis in flower. 
4rt?(i7i*« (A) — 8 th. Not so many wasps as usuaL 27 th. Dahlias blackened 
frost Cork (O) — 12th- Gra^ very luxuriant now. Bemhridge (G) — Del- 
^iims and other herbaceous plants flowering again. Buckhom Weston (O) 
blackberries scarce, as so many brambles were destroyed by winter frost 
^'ington (O) — Very few wasps. Beckford (D) — 30th. Ripe strawberries 
tered. Watford (D) — 23rd. Dahlias killed. St. Albans {The Grange) (D) — 

crane fly imusually abundant since the end of August Beeston (D) — 
t^rflies very numerous. 25th. Raspberries ripe. Hodsock (D) — 11th. 
Vest finished. Booking (B) — Wasps unusually numerous. Jardington (H) 
•^ild roses, strawberries, and apples are blossoming again. Thirsk (I) — Wasps 
scarce. An exceptionally good crop of hazel nuts. Gamhois (I) — Red 
ii'al butterflies numerous, very unusual here. 

C>cTOBER. — Sidcot (A) — In the middle of October the hedges were full of 
Vood flowers, together with many wild roses. Leaves long in changing their 
^r, l)ut were unusually brilliant when they did change, and the trees very 
^f foliage. Heavy gales brought them down unusually soon. 7 th. Gathered 
^ of hawthorn in full flower. 22nd. Slight frost and snow on ground. 
^- Dahlias killed. Woodenhridge (B) — 10th. The main body of swallows 
Glendalough (B) — 22nd. Snow low down on hills from 22nd to 31st. 
bridge (O) — 19 th. Elms and other large trees still green where the foliage 
Xiot yet changed. Buckhom Weston (O) — Both the dog and field roses have 
^ in bloom again, also dogwood, and one tree of laburnum has been covered 
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with blossom. Churt Vicarage (O) — Ist Some apples and pears very large. 
Gathered an apple (Warner's King) weighing 19 oz., and a pear (Catillac) 22 
oz. 30th. Dahlias killed. ChuH (O) — Holly berries scarce. Berkhamsted (D)— 
28th. Last rose of the year gathered. Harpeviden (D)— Ripe strawberries 
gathered. Ross (D) — The autimin flowers, which were very fine and luxuriant 
on the 16th, were completely spoiled by the severe frost of 17th, and the 
exceptionally severe frost continuing to end of month prevented any recovery. 
Northampton (D) — Raspberries and strawberries were gathered ripe in some 
quantities. Beeston (D) — 15th. Strawberries in bloom and some ripe berries. 
Hodsock (D) — The autumn tints have not been bright Ma^lesfield (D)— Very 
few limes shed their leaves until the first week in this month, when gales nearly 
stripped many deciduous leavea PaU (F)— The weather was so cold the 
farmers had to house the cows at night Durham (I)^l8t Gathered a wild 
rose. 4th. Redwings appeared. 12th. Field&res seen. 18th and 19th. 
Dahlias killed by frost. Inverbroom (K) — 28th. Snow two feet deep. 29tlL 
Snow bunting seen. 

November. — Mavman Smith (A) — 9th. Autumn tints in sheltered places 
more beautiful than usual Wind stripped trees early on the hills. 30th. One 
bush of rhododendron quite crimson. ;S»^. Arvan^s (A)— 3rd. The elms have 
scarcely turned colour yet 24 th. Nearly all trees lost their leavea Killameif 
(B) — 10th. Foliage has remained unusually green, only now any decided fidl of 
leaf setting in. Acorns, walnuts, horse and Spanish chestnuts abundant Beech 
nuts very scai^ce. Admiral butterfly has been very numerous. French beans 
and dahlias as yet scarcely touched by frost BemJbridge (O) — Sth. Many 
swallows to be seen. 22nd. Five swallows seen flying and hovering around the 
ivy at the golf club-room — no doubt young birds. ChisUhurst (O) — 10th. 
Leaves very late in falling, mostly came off during to-day's gale. Cheltenham 
(D) — The lieat and drought have ripened the wood splendidly. Watford (D) — 
No holly berries here this season. Harpenden (D; — ^A characteristic of this 
season wtis the second flowering of many fruit-trees and wild plants. Ripening 
apples and bU>8iH>nis on the same tree. Gigglestcick (F) — Trees retained their 
leaves rather longi»r than usual this year. Ambleside (F)— 19th. Forty-three 
dilfert'Ut kinds of wild plants were gathered. Cronkboume (P) — 30th. Ripe 
8trttwlH»rriit» and rasplwrries gittherod. Lilliesleaf (I) — No holly berries at alL 
Autumn tints not very gi>od, but the leaves remained green on the trees a long 
time. Nt^i^mill (J)— 7tlu Autumn tints very fine. 



DISCUSSION. 

Mr A. HuKWiN Miid that he had noticed that the effect of frost on plants and 
shrubs in some winters differed greatly from that in others, though the frosts 
were equally severe. He thought that the direction of the wind, and the 
percentage of relative humidity, should be taken into consideration, as well as 
the temperature of Uie air. 

Dr. C. T. Williams said that he was greatly interested in Mr. Mawley's 
Report He also was surprised by the damage caused by the remarkable frost 
at the beginning of last year. Hardy shrubs were killed, and in the spring the 
gorse on the Surrey commons, instead of being green, presented large brown 
masses, which in the summer weather were very liable to catch fire. He had 
seen on Hindhead 40 to 50 acres of gorse in a blaze ; and indeed almost eveiy 
day there was a conflagration in the neighbourhood, one being opposite his own 
house ; the fire was best extinguished by having sand thrown on it He could 
corroborate Mr. Mawle>''s statement with regard to the second flowering and 
fruiting of plants and trees in the autumn, as he hadf in his garden two pear 
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trees which blossomed a second time, and the fruit reached a fair size in 
November. This was perhaps the more remarkable because the trees had 
been infested in the summer with insects, which the drought had made so 
numerous. The loug dry summer, and the insect pests caused thereby, must 
have influenced the crops to no small degree. The appearance of such numbers 
of gulls in the Thames, too, was most uncommon, though a few came up most 
winters. He bore testimony to the great value of Mr. Mawley's curves for the 
thirteen plants, which he thought, considering the nature of the winter, agreed 
with the mean curve wonderfully well. 

Dr. R. Barnes, referring to Dr. Williams' remarks on the destruction of 
gorse, did not think that it was killed outright. The branches and shoots were 
destroyed, but there must have been some vitality remaining in the lower stems 
so that they recovered, for on the Hampshire Downs round Liphook there were 
square miles now in full bloom. The present mild winter had also caused the 
hazel and the silver birch to throw out their catkins remarkably early. 

Mr. R. H. Scott thought that the question of the remarkable appearance of 
gulls in the Thames could be answered by the fact that they found more food 
there than anywhere else. In fact there were numbers at St James's Park at 
the present time. 

Mr. H. SouTHALL, in congratulating Mr. Mawley on his Report, said that 
the results contained therein agreed very well with his own observations. The 
destruction of shrubs on the whole during the frost was not so great as he had 
expected. It was specially remarkable that while several kinds of hardy shrubs 
suffered, some rather tender southern species were scarcely affected. The plants 
that were most commonly cut were cistus (or sun) roses and New Zealand plants 
of the veronica type. He did not think the injury done was due to the severity 
of the frost alone. Sudden frosts with high humidity were especially harmful. 
That of 1860-61 was a good example, when, after being mild till the middle of 
December, the thermometer fell to zero on Christmas day. In that frost the 
damage was greater than in the frost of last year. In his opinion a frost coming 
on suddenly with great moisture, and changing rapidly, did more damage to 
vegetation than a continuous frost. He thought that the inclusion of the 
Tus8Uago fragrans in the list of plants would be an acquisition as exhibiting 
earlier flowering than any of the others. 

Mr. C. Hardino remarked on the high value of Mr. Mawley's curves for the 
various plants, and he thought that reliable and interesting results were now 
being obtained in this direction. He was glad that Mr. Mawley had adopted 
the districts used by the Meteorological Office, as these embraced a very fine set 
of meteorological observations, extending over a period of 33 years. He thought 
Mr. Mawley's Reports made the Meteorological Office's results even more valuable. 
With reference to the effect of the great frost of last year on vegetation, he 
mentioned that after a fall of snow, during the early part of the frost, he had 
swept a pathway to his thermometer scieen and rain-gauge ; the grass was then 
green, but after a time it turned quite brown, while that portion protected by 
the snow covering was not affected. 

Mr. Q. J. Symonb, referring to the destruction of trees by the great gale of 
March 24, 1895, mentioned by Mr. Mawley, said that he believed that the 
centre of that storm passed across the Midlands near Rugby, from west to east, 
and that the damage to trees, buildings, etc., was greater than that of any gale of late 
years. It was to be regretted that no details had been presented to the Society. 

Captain D. Wilson-Barker said that the Report was very interesting as 
bearing on biology. As a rule the various sciences were accustomed to divide 
themselves by a too arbitrary line. He thought that the relation of one science 
to another should be studied. With regard to the absence of insects, he, unlike 
Mr. Mawley, had found plenty of aphides, but agreed with him as to the scarcity 
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of butterflies. The gulls mentioned by Mr. Scott as being in the neighbourhood 
of London at the present time were the small gulls which were constantly seen 
inland. The large gulls came up the Thames in great numbers during the great 
frost. 

Mr. K Mawley, in reply, said that it was often difficult to understand whr 
certain plants, which had passed almost uninjured through one severe winter, 
should have been killed outright during another, in which the cold was neither 
as prolonged nor so intense. He, however, agreed with Mr. Southall in thinking 
that the difference in the condition of the plants themselves, at the time they 
were subjected to the action of severe frosts, would be found in most cases to 
have been the principal reason. As a remarkable instance of second fruiting, 
he mentioned having seen at a recent meeting of the Royal Horticultural 
Society a dish of green apples of fair size, which had been gathered early vi 
January last. The returns sent in showed that in some localities caterpills^ic 
and other insect pests had proved very destructive. But taking the Brit^« 
Isles as a whole they were far less numerous than usuaL According to l^^i 
Ormerod's Report there was no conspicuous outbreak of any class of farm p^^* 
during the year. No doubt the Winter Heliotrope, Tiissilago (Petasites) fnugr^r*^ 
was very early flowering, but he did not consider that it ought to be inclu< 
in the list of plants to be observed, for it was not a native British plant^ 
was only to be found here and there throughout the country. 



NOTES ON THE UNUSUALLY HIGH BAROMETER READIN <! 

IN THE BRITISH ISLES— January 1896. 

By ROBERT H. SCOTT, M.A., F.R.S. 

Secretary of the Meteorological Office. 
[Read February 19, 1896.] 

Having received a request from our President to place on record 
the pages of our Journal some notes of the remarkable anticyclone 
the second week in January, when the isobar of 31*0 in. for the Q-^ 
time appeared on our Daily IVeatJier Charts, I at once complied with t 
desire, and have further ventured in these notes to allude also to 'i^^ 
pressure at the end of the month, when a reading of 30*96 in., only 0"^ 
in. below that of 31 in., was observed at Roche's Point at 11 p.m. ^ 
the 29th. Two such phenomenal occasions in one month well dese*^" 
mention ! 

A peculiarity of these anticyclones was the circumstance that neitt^ 
of them was associated with severe cold in these islands, though Janu^--- 
is our coldest month. As will be seen from Fig. 1 there was ^ 
the morning of the 9th no temperature much below 32° at any static^ 
except over one or two of the inland parts of Scotland. So that in t^ 
respect the same conditions prevailed as in the anticyclone of Janus^^ 
1882, of which an admirable account by Mr. H. Sowerby Wallis appears 
the Qvxirterly Journal, vol. viii. p. 146. 

The interest about the two anticyclones now under notice is enhanc-^ 
by the fact that both of them came on us in great measure from the Atlanta 
and not from the continent of Europe. In the first case the higher 
readings were registered in the north-west on the 9 th, and in the seco^ 
in the south-west on the 30th. 
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Dealing first with the earher ayBtem, — -In the North Atlantic PUot 
Chtai for February, the view that the anticyclone was purely an Atlantic 
one is strongly put forward, and a. track is given, commencing abruptly at 
Stornoway on the evening of January 8th, with a reading of 3101 in., 
and passing south-westwards with diminishing intensity, until on the 
morning of the 1 3th its centre is placed about long. 30' W. and lat. 45° N., 
and the central reading is only 3070 in. The track finally ceases on the 
1 5th in long. 20° W. and lat. 40° N., with a reading of 30-55 ins. 

I think that the maps in the Daily and IFeeldi/ IVeather Beporis will 
not give complete support to the track in the Pilot Chart, as we are able 
to show that an anticyclone of very respectable intensity had been moving 




—Weather Chart, 8 a-m., January 



out over us from the eastward for some days prior to the dtb, though 
andoubt«dly it was not until the western and north-weetem stAtions 
began to feel its influence that the barometer approached the unusual 
height it afterwards attained. If we may draw an analc^ from sea 
waves, it looks as if the westward moving cyclone had met and coalesced 
with an independent system lying outside our north and north-west coast, 
and that the two waves in their collision had tossed themselves to an 
abnomud height The highest readings recorded are 31 108 in. at 
Oehtertyre, and 31'1 06 in. at Fort-William on the morning of the 9th ; and 
the former is therefore 062 in. above the previous British maximum of 
31046 in. noted at Gordon Castle at 9 a.m. on January 8th, 1820. 

Let UB now proceed to the discussion of the charts drawn at the 
Meteorological Office. On the first, for January 6th at 8 a-m., the isobar 
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of 30'6 in. embraced the north of Germany and north-east of France, t 
Lowlands of Scotland, Ireland as far as the centre, and the whole 
England, except the extreme end of Cornwall. No 8 a-m. temperatu 
below 32° was reported, except towards Central Europe. 

The second map for January 7th, 8 a.m., had 307 in. for its higba 
isobar. The whole system lay much to the westward of its position o 
the 6th, and enclosed Ireland, spreading apparently from the westward , 
tongue over North Wales and the Midland counties. The temperature mi 
several degrees lower than on the previous day, but not below the freeang- 
point, and at the time the barometer was rising decidedly at our eKtrenw 
western stations. The map for the morning of January 8th presents Q 
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FiQ. 2.— Weather Chart, 8 a-m., January 30th, 18B6. 

feature of great interest, but on the evening of that day the mercury r^ 
at 6 p.m. to 3rOI in. at Stomoway, already mentioned, and to 3 TOO .i 
at Wick, while our observer at Dunrossneas in Shetland got a reading 
31-04 in. at midnight. 

By next morning (January 9th), as we see from Fig. 1, the isob* 
of 31 in. embraced the whole of Scotland, the northern half of Irelsn 
and the extreme north of England. Temperature was still above tb 
freezing-point, except at Ardrossan, Stornoway, and some few of tb 
inland Scotch stations. This was tic day of highest readings, whw 
3ri08 in. was reported from Ochtertyre at 9 a.m. The entire sy»t«« 
then moved south-westwards, and the next chart for the morning of tb 
10th showed no reading of 31 in., though Belmullet, with 3099 in., ww 
very near that level. The curve for 30-9 in. enclosed Ireland, and = 
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tre of the island (at Parsonstown) we had the thermometer down 

ssure now gradually became reduced, and the anticyclone moved 
southwards. The later maps have not been reproduced for exhibi- 
the Society, but that for January 12th showed the highest isobar 
inths lower than that on the 10th) just covering the extreme south- 
Ireland. 

appears, therefore, that it is not quite correct to exclude the 
I European anticyclone from any action in producing the excessive 
'essures which prevailed on the 8th and succeeding days. 
3 Tables I. II. and III. give the extreme readings which have come 
I the stations in connection with the Meteorological (Mce and the 

• 

all the self-recording observatories but one the maximum reading 
first system was duly recorded. There is always this difficulty 
lotographic instruments, that you cannot see how they have acted 
he photograph has been developed, and if the mercury has either 

Anticyclone, January 9th-10th, 1896. 

BLE I. — Maximum Pressures at the Observatories in connection 

WITH THE Meteorological Office. 



Obsekvatory. 


Maximum 
Pressure. 


Date and Time. 


Number of hours 
above 31 in. 


rVilliam 

Jwyf • • • ■ 

een*. 

hurst 
cia . 

• • • • 

luth .... 


in. 
• 3i«io6 

31091 

31-061 
(approx. ) 

3i<Hi 
3i<»i 

30930 

30-921 


9th, 10.12 a. m. 
9th, 9.45 a.m. 

9th, lo.o a.m. 

9th, Noon 
9th, 9.40 p.m. 
9th, 9.10 p.m. 
9th, 10.15 P-n™- 


29 

21 

14 



Tlie assistant failed to lower the tube, thereby causing the loss of record. 



TABLE II.— Barometrical Readings at the Telegraphic 
Reporting Stations at 8 a.m. 



Station. 


Jan. 9. 


Jan. 10. 
in. 


Station. 


Jan. 9. 


Jan. 10. 




in. 




in. 


in. 


irgh Head 


30-97 


30-68 


Parsonstown 


3099 


30-98 


)way 


31-06 


30.87 


. Roche's Point . 


30-94 


30.96 


• • • 


3101 


30-73 


Pembroke 


30-94 


30-90 


• • • 


31-04 


30-86 


Scilly 


30-81 


30-82 


• • • 


31-04 


3084 


1 Prawle Point . 


30-83 


3083 


s . 


31-00 


3083 


Jersey 


30-77 


3079 


Head . 


30.91 


30.78 


Hurst Castle 


30-80 


30-83 


kborough 


30-93 


30-85 


j Dungeness 


30-76 


30-76 


ssan 


31-09 


30-90 


North Foreland 


30-80 


30-77 


Head . 


3099 


30-91 


Oxford 


30-92 


30-86 


lUet 


31-03 


30-99 


Cambridge 


30-90 


30-83 


^hadee 


31-03 


3093 


Yarmouth 


30-84 


30-77 


lead 


3099 


30-89 
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TABLE TIL— Highest observed Pressures on January 9th at Statk 

OF the Second Order. 





8g 


■ r 




est 
ing. 




Station. 


.fl 

in. 
31.044 


Time. 


Station. 


High 

Readi 


^* 


Deerness (Orkney) 


9a.m. 


Bidston Observatory . 


in. 
31-009 


9 SI m 


Strathpeflfer 
Gordon Castle 


31-076 
31-058 


10 a. m. 


Llandudno . 


31-001 
31002 


■—*. m 


9a.m. 


flk^ ft%A A«X^ %AXpA AA*i^ • • • 

Colwyn Bay. 


lorm m. 


Kilmuir 


31-084 


9 a.m. 


Buxton 


30-986 


9p> m. 


Inverness 


31088 


9 am. 


Stoke-on-Trent . 


30-993 


9p> — m. 


Fort Augustus 


31096 


9a.m. 


Cheadle 


30.996 


91> m. 


Rothven 


31.084 


9 a.m. 


Churchstoke 


31-008 


91>— Dl- 


Dundee 


31-052 


9 a.m. 


Uppingham . 


30.960 


9Jb>- 21. , 


Ochtertyre . 
Stronvar 


31-108 


9a.m. 
9 a.m. 


Belvoir Castle 
Geldeston . 


30-957 
30-915 


9I>_ m 


31-092 


9Ir>- *"• 


Dollar 


31-098 


9 a.m. 


Stokesay 


30-974 


93^ :X3i. / 


Perth .... 


31-071 


9a.m. 


Rugby 


30-905 


8.30 S^ffl. 1 


Duntreath . 


.31100 


9 a.m. 


Ro.ss .... 


30-965 


10.25 SB— m. 1 


Edinburgh . 


31-072 


9 a.m. 


Cheltenham . 


30-975 


9 j>. -m. 


North Esk Reservoir . 


31-070 


9 a.m. 


St. David's . 


30-986 


9jp. JOD. 


Paisley 


3«-o83 


9 a.m. 


Haverfordwest 


30-984 


9p.»). 


Rothesay 


1 31-075 


9 a.m. 


Bennington . 


30-944 


9P.XXL 


Hawick 


31-051 


9 a.m. 


Egham 


30-908 


3p.Dn. 


Benquhat . 


31-074 


9 a.m. 


Norwood 


30.906 


9p. no- 


Pinmore 


31-087 


9 a.m. 


Chatham 


30.868 


gSLmtD. 


Morpeth 


31-050 


9 a.m. 


Bramley 


30.916 


9 p. m* 


Newcastle-on-Tyne 


31039 


9 a.m. 


Southampton 


30-917 


9 p. OD- 


Durham 


31-007 


9 a.m. 


Ea.stbourne 


30-863 


9p.II3* 


Gilcrux (Carlisle) . 


31-038 


9 a.m. 


Parkstone 


30.928 


9 p.in. 


Aysgarth 


31-015 


9 a.m. 


Rousdon 


30.916 


g p. ID. 


Scarborough 


30-976 


9p.m. 


Tavistock . 


30-930 


9 p.m- 


Cronkbourne, I.M. 


31-048 


2 p.m. 


Londonderry 


31-075 


9 SL^^^ 


Heysham, Lancaster . 


30977 


9 a.m. 


Armagh 


31-057 


9a^in. 


Skipton 


30955 


9 a.m. 


Markree Castle . 


31030 


gsL^m. 


York . . . . 


31-018 


3-4 P-m- 


Arley Cott., Mt. Nugent 


31*053 


9 £uin* 1 


Blackpool 


31014 


9 a.m. 


Ardgillan . . 


31-043 


9 a..D^ 1 


Prestwich 


30-989 


9 a.m. 


Glasnevin . 


31-030 


9 p. ID. j 


Manchester . 


30.997 


9 a.m. 


Dublin, Phoenix Park . 


31029 


9 p. ID. 


Owen's College 


31000 


9p.m. 


Dublin 


31020 


9.10 a. ID- 


St. Helen's . 


31-002 


9 a.m. 


Parsonstown 


31029 


9p.iD» 








Killarney . 


31-001 


9pm- 



risen above or fallen below the field of illumination the absolute extrei*** 
is lost. Fortunately the station where this calamity occurred was n^ 
close to that where the highest level of the mercury was reached, and ^ 
Fort- William and Glasgow the actual maximum was recorded. 

It may be interesting to offer a few remarks on the day of high^ 
readings connected with the second intense anticyclone at the end of tl 
month. From the map for 8 a.m., January 30th (Fig. 2), it will 
seen that the isobar of 30-9 in. included the south of Ireland, the sou 
west of England, and a portion of the west of Normandy. The ad 
highest reading on this occasion was 30*96 in. at Roche's Point on 
night of the 29th. Just as on the former occasion, the temperatui 
8 a.m. was not low in these islands, and the map shows how very t 
smaller in area was the second anticyclone than the first. The ext 
readings are given in Tables IV., V., and VI. 
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Anticyclone, January 29th-31st, 1896. 

BLE IV. — Maximum Pressures at the Observatories in connection 

WITH THE Meteorological Office. 



Observatory. 


Maximum Pressure. 


Date and Time. 


Fort-William . 


in. 
30766 


31st, 4.0 a.m. 


Glasgow 


30773 


30th, 9.45 p.m. 


Aberdeen 


30-698 


31st, II. 12a.m. 


Stonyhurst 


30.897 


29th, 7.45 p.m. 


Valencia 


30.956 


29th, Midnight. 


Kew .... 


30-936 


30th, 10.0 a.m. 


Falmouth 


30938 


29th, 10.15p.m. 



TABLE V. — Barometrical Readings at the Telegraphic 
Reporting Stations at 8 a.m. 



Station. 



*>^burgh Head 
;?*'rioway 

aim 

"^rdeen 

eith 

fields 

Purn Head 
^Highborough 
*"<iros8an 
^alin Head 
etixjullet . 
^tiaghadee 
*<lston Observatory 



Jan. 30. 



m. 

30-31 
30.58 

30-51 
30-56 
30-63 
30.70 
30-72 
30.78 
30-83 

30-77 
30.78 

30.87 

30.84 

30.87 



Station. 



Holyhead 

Parsonstown 

Valencia . 

Roche's Point 

Pembroke 

Scilly 

Prawle Point 

Jersey 

Hurst Castle 

Dungeness 

North Foreland 

London 

Oxford 

Cambridge 

Yarmouth 




It may be of interest to add to these notes, as a supplement to 
**. Wallis's paper, of 14 years back, a notice of the excessive readings 
^ioh have occurred in Siberia of late years. In vol. x. of the Meteoro- 
fi^€he Zeitschrifty in the part for March 1893, there is a note by our 
onorary Member, Dr. Woeikof, on this subject. Herr Sresnewski had 
^ted that on January 14th, 1893, a reading had been recorded at 
kutsk, which, when duly reduced, came to 807*2 mm. or 31*78 in. 
^- Woeikof disputes this statement, irder alia, because the temperature 
*■ reducing tip to the freezing-point had been taken at - 51" 34 F., and 
^ been assumed to prevail from Irkutsk to the sea. He maintains that 
Le reading of 803 mm., or 31*62 in., at Bamaoul, December 14th, 1877, 
i"©ally the best established barometrical maximum as yet on record. 

These readings, however, have been so much corrected, especially as 
^ tile reduction to sea-level for stations some thousands of miles from 
•he nearest sea, that they are not so easily intelligible as our own readings 
^^en, 80 to spieak, on the seashore. We can, however, feel pretty con- 
fident that as yet no reading of 32 in. has been registered. 

I must say in conclusion that I am indebted to Mr. Gaster for in- 
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TABLE VI.— Highest observed Pbessures on Jantjart 29th-318t at 

Stations of the Second Order. 



Station. 



Deeroess 

Strathpeffer 
Edinburgh 
Hawick . 
Newcastle -on 

Tyne . 
Durham 
Gilcrux . 
Aysgarth 
Scarborough 
Cronkbourne, 

I.M. . 
Hey sham 
York . 
Stonyhurst 
Prestwich 
St. Helen's 
Bidston Obs. 
Llandudno 
Buxton . 
Cheadle 
Churchstoke 
Uppingham 
Belvoir Castle 
Geldeston 
Stokesay 



1-^ 



m. 
30566 

30.67 

3075 
30-778 

30.818 
30786 
30842 
30-810 
30823 

30879 
30838 

30835 

30-886 

30865 

30863 

30901 

30891 

30873 
30-893 

30-941 

30-888 

30879 
30-870 

30913 



Time. 



r30th, 9 p.m. 
\3ist, 9 a.m. 

31st, 9 a.m. 

30th, 9 p.m. 

29th, 9 p.m. 



29th, 
29th, 
29th, 
29th, 
29th, 



9 p.m. 
9 p.m. 
9 p.m. 
9 p.m. 
9 p.m. 



29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
30th, 9 a.m. 
29th, 9 p. m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 10.30 p.m. 



Station. 



Rugby 
Cheltenham 
St. David's 
Haverfordwest 
Bennington 
St. Altuins 
Egham 
Norwood . 
Chatham . 
Bramley . 
Southampton 
Eastbourne 
Parkstone . 
Rousdon . 
Tavistock . 
Londonderry 
Armagh 
Markree Castle 
Arley Cottage 

Mt. Nugent 
Glasnevin . 
Dublin, Phoenix 

Park 
Dublin 
Parsonstown 
Killarney . 



1^ 
P 



m. 
30968 

30915 

30943 

30953 
30.920 

3092 
3092 
30906 
30-922 

30917 
30922 

30-902 

30938 
30916 

30940 
30854 
30883 
30875 

30903 
30.925 

30-919 

30913 
30914 
30953 



Time. 



30th, 8.30 a.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
30th, 9 p.m. 
30th, 9 a.m. 
29th, 9 p.m. 
30th, 9 a.m. 
30th, 9 a.m. 
30th, 9 a.m. 
30th, 9 a.m. 
30th, 9 a.m. 
30th, 9 a.m. * 
29th, II p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 

29th, 9 p.m. 
29th, 9 p.m. 

29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 
29th, 9 p.m. 



valuable assistance in preparing the paper. It is to him that I owe all 
the slides which have been exhibited at the meeting. 



DISCUSSION. 

The President (Mr E. Mawley) expressed the thanks of the Society to 
Mr. Scott for his promptness in bringing forward this paper. It was seldom 
that so complete a record of any meteorological phenomenon of imusual interest 
was presented to the Fellows less than six weeks after its occurrence. 

Mr. R Inwards thought that one defect in our self-registering barometers 
had been brought out by this paper, and that, at any rate, the principal statioDB 
should have instruments reading up to 32 in. 

Mr. G. J. Symons said that given a competent observer, he much preferred 
the standard barometer to any recording instrument He had curves from 
several patterns of barograph, and in several cases eye observations taken at the 
same place or in the neighbourhood, and, in his opinion, the latter were the 
more reliable. Of course if the standard barometer is not read at very short 
intervals, the recorder will give preferable results. 

Mr. F. J. Brodie called attention to the extremely mild weather prevalent 
during the periods under discussion. He had alwajrs associated winter anti- 
cyclones with frost and fog, but in the two discussed l>y Mr. Scott neither of 
these conditions prevailed to any degree, and from inquiries he had recently 
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5 he was convinced that to the general rule there were many important 
ption& During the past 25 winters there Were 7 cases in which the 
1 pressure at Kew was considerably above the average, and in which the 
lier charts showed the existence of a strong anticyclonic tendency. In no 
r than 5 out of the 7 the mean temperature was above the normal, 
[lumbers of days both of frost and fog being comparatively small Taking 
a the cases in which the barometer in London reached an unusually high 
L (30*8 in- or more), he found that in each of the 6 instances which 

occurred during the past 25 years (including those mentioned in the 
ent paper) there was an absence of anything like severe frost, while in one 
he cases (viz. in February 1883) the weather was very mild. The weather 
irienced during the prevalence of an anticyclone depended of course to a 
e extent upon the position of the central portion of the system, for if this 
to the eastward or southward of us, the prevailing winds would be Southerly 
Vesterly, and the weather naturally somewhat mild. The general character 
season is, however, not determined solely by the prevailing distribution of 
sure. Every now and again there is a distinct tendency for the weather to 
Did or warm, or dry or wet ; and when this tendency exists, as it has during 
present winter, the eflfect of the barometrical changes is to a large extent 
ted. Until the nature and origin of these mysterious tendencies are better 
irstood, it is hopeless to expect much advance in the direction of weather 
^asts for any long time ahead. 

Mr. C. Harding remarked that the anticyclone of January 1882 was also 
mpanied by extremely mild weather. Concerning Mr. Brodie's remark on 
situation of the centre of the high pressure system, he (Mr. Harding) thought 

in the present case it would have made but little difference to the tempera- 
, as no part of the system was marked by low temperatures. At the Azores, 
re the range of the barometer was generally small, the mean pressure for 
lary was 30*13 in., being in agreement with the average for several years. In 
earlier part of the month the barometer stood on one day at 29*04 in., a very 

reading for the Azores, and on several days readings were exceptionally 

while the barometer in our islands was rapidly rising. He supposed it 
generally accepted that the mean of the barometer at the earth's surface for 
be world was always the same, so that when anticyclonic conditions prevailed 
, it was at the expense of other districts under cyclonic influence. The 
cyclonic systems discussed in the paper had travelled from the eastward, 

had apparently been partially fed with air from cyclones lying over the 
.ntic. The mean pressure for January in London was 30*36 in. as against 
verage of 29*98 in. 

Mr. H. N. Dickson suggested that the anticyclonic system described in Mr. 
it's paper might be the result of the action of depressions surroimding it, 
tnuch as the great descending currents over the Continent were probably 
ker and more restricted than usual, while the ascending currents were not 
espondingly diminished. With regard to the tendencies observed to persist 
►ugh diflferent types of weather, he expressed the opinion that these were in 
* due to variations in the distribution of surface water in the North Sea 
North Atlantic. The recent international surveys of those areas had 
Light to light distinct indications of a connection between the two. 

^r. R H. Scott, in reply, said that Dove, in his Monats- und Jahresisothermen 
<ier Polarprojectiorij 1864, had shown that whenever abnormal cold was 
-erienced, abnormal warmth was not very far oflf. A letter had recently 
►eared in the Times regarding the unhealthy conditions prevailing in St 
ersburg in the present winter owing to the rapid changes of temperature, 
ci varied from 40** to 60** per day. The anticyclonic conditions usually 
ii^ailing in Russia at this time of the year were absent. 



i REPRESENTATIONS OF LIGHTNING 



TURNER'S REPRESENTATIONS OF LIGHTNING. 

Br RICHARD INWARDS, F.R.Mfrr.Soc, F.Rji-S. 

[Ri-ad Fiibniarj- 19. 139fl.] 

The truth to nature of Turner's representations of lightning flaabeB h&£ 
been several times mentioned before the Society, but I thought It woitkl 
be intereetiug to bring before the Fellows an actual example of Turner's 
work, placed aide by aide with a photograph of a real flash of lightning, 
presenting the same general character — ^ni.1 perhaps coming under the 
head of meandering lightning; at all events, it is a dash of that Idnd 
which seems to attempt to double back upon itself, and which makes 
many sudden turns before getting finally on its earthward course. 





Lightnii 



Pliolograpb of L)g)itaiiig. 



ctti^^H 



In the accompanying figure is a copy of part of Turner's pictttj 
the Bass Rock, which is an island in the Firth of Forth, Scotland. 

Collated with this view is a photograph from the Society's collection, 
and which was, of course, taken direct from natiu'e. It will be seen that 
Turner has caught the general form and character of the rapid contortiona 
and abrupt curves of the lightning with a most amazing fidelity, and he 
has even drawn the flash in several places by a doubled line, just as we 
often see in photographs from nature. In fact there is a doubled part 
in the photograph. 

If the picture had been by any one but Turner I should have put 
this down to a, mere careless stroke of the brush, but being from the hand 
of so consummate a master, I can have no doubt that his keen eye saw 
the effect, which his swift hand almost as quickly committed to paper. 
This doubling of the flash is thought by some meteorologists to indicate 
an exchanging discharge between the different electricities of the cloud 
and of the earth in two opposite but almost parallel direct.iona. These 
features are not well seen in the small illustrations, but are plainly visible 
iu the originals. 

It must not be supposed that the example I have shown you is the 
only instance of the great English master's power in this direction. There 
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is SL plain flash of " stream lightning " in the picture of the Temple of 
Miixerva at Gape Colonna, and there is a good example of the tree-like 
or l>ranch-like form of flash in a picture of the " DeviFs Bridge " which is 
to l^e seen amongst the Turner sketches in the basement of our National 
GiLllery. 

^Neither of these examples would sufier by being confronted with 
photx)graphs taken direct from nature, in the same way as I have treated 
the [Bass Bock picture. 

TVith respect to this doubling of the flash, so often seen in photographs, 

it is interesting to note a passage in Mr. Walter Kelly's Indo-European 

FoUo-Lorey 1863, p. 24, where, speaking of the thunderbolt which was the 

we&pon of Indra, he says, " We will only mention that every time it was 

hurled by the god it returned of itself to his hand. So also did Odin's 

speajT, and the same extremely convenient property was manifested on 

aU ordinary occasions by Thor's lightning club or hammer. ... In 

consequence of this peculiarity of the hammer or thunderbolt it was 

necessary to take precautions not only against its direct blow, but also 

*®aiiist its back stroke when it was returning to its master's hand. For 

''l^is reason it continues to be the custom in many places in Bavaria, as 

-'^^^^nnhardt relates, to throw open all the windows as wide as possible 

^'•^loring a thunderstorm, so that if the lightning enter the house it may 

^^'v^e free vent to get out again." 

This custom is also followed in some parts of England, and it is very 
p^^i^ous to find the belief in a double flash extending from India to 
^^l^^^^-ndinavia. Perhaps our keener sighted forefathers, like Turner, saw 
doubling of the lightning. 

I have been privileged to see the valuable collection of Turner's proofs 
plates from the Liber Studiorum in the possession of Mr. W. G. Rawlin- 
, of Hill Lodge, and it may be interesting to name the following among 
'^xx'ner's representations of lightning : — 

No. 15. Lake of Thun, — This not only shows the lightning flash, but 

^^^"^ixiediately under where it issues from the cloud there is a kind of conical 

'^^ci somewhat spiral mass of light rising from the lake, which, Mr. 

^^"Wlinson says, compares with what he himself once saw over the head 

^^^ liOch Awe during a thunderstorm. 

No. 16. The fifth plague of Egypt, — Shows a stream of lightning issuing 
from the sky. 

No. 52. Solway Jtfbss.— Shows very similar lightning to that in the 
P^o^ure of the Temple of Minerva, and there is a flash of the same 
S^^^xeral character shown in the rare print of " Paestum." 

No. 61. The tenth plague of Egypt. — I quote from Mr. Rawlinson's 
! jl^^criptive catalogue of the Liher Studiorum 1878, the references to the 
^Slitning as shown in the various states of this fine plate : — 

Firsi Pvhlished State, — " At the last angle made by the lightning before 
^^ strikes the buildings in the centre it divides, branching to the left 
^^^^ards the trees as well as to the right towards the buildings. 

Second State. — " The lightning at the angle described above strikes to 
v^^ right only, towards the buildings, the small fork to the left having 
^^^ removed — ^the sky duller and the lightning less brilliant. 
. Third Staie. — " Much of the depth of the shadows lost, the buildings no 
or^o^^ gtand out in relief by the lightning, the whole effect much duller." 
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In No. 82, The Felucca, one of the unpublished plates, and in another 
known as Catania, as well as in that representing Dymchurch, various 
forms of lightning are also shown ; while in the England and Wales series 
there is a flash shown as avoiding the tower of Malvern Abbey and striking 
a low building near, with other examples in Stamford, Stonehenge, etc. 

Any of these representations might be placed side by side with 
photographs of lightning, and would be found to convey faithfully to the 
mind all that the highest powers of sight can discover in the phenomena. 

One is inclined to take literally the eulogiiun passed by John Euskin 
on this great master : " Unfathomable in knowledge, solitary in power 
. . . sent as a prophet to reveal to men the mysteries of the universe." 



PEOCEEDINGS AT THE MEETINGS OF THE SOCIETY. 



January 15, 1896. 

Ordinary Meeting. 

Richard Inwards, F.R.A.S., President^ in the Chair. 

Mr. Symons referred to the death of Mr. E. J. Horstman, the senior assistant, 
which occurred on the 15th inst. Mr. Horstman had been in the employment 
of the Society for eighteen years, and was always a faithful and conscientioas 
servant 

John Edmund Chandler, F.R.G.S., Frenches Park, Crawley Down, SuBsex ; 
Richard John Cuninqhame, Lainshaw, Stewarton, Ayrshire ; and 
Henry John Randall, Jun., Bridgend, Glamorganshire, 
were balloted for and duly elected Fellows of the Society. 



January 15, 1896. 

Annual General Meeting. 
Richard Inwards, F.R.A.S., President, in the Chair. 

Mr. F. Druce and Mr. J. G. Wood were appointed Scrutineers of the Ballot 
for Officers and Council. 

Mr. F. C. Bayard read the Report of the Council and the Balance-Sheet for 
1895 (p. 99). 

It was proposed by the President, seconded by Mr. F. C. Batard, and 
resolved : — " That the Report of the Council be received and adopted, and 
printed in the Quarterly Jmcmal." 

It was proposed by Mr. M. Jackson, seconded by Major L. Flower, and 
resolved : — " That the thanks of the Society be given to the Officers and other 
Members of the Council for their services during the past year." 

It was proposed by Dr. R. Barnes, seconded by Dr. H. R Mill, and 
resolved : — " That the thanks of the Society be given to the Standing Com- 
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mittees and to the Auditors, and that the Committees be requested to continue 
their duties till the next Council Meeting." 

It was proposed by Mr. W. H. Dines, seconded by Mr. R. H. Scott, and 
resolved : — " That the thanks of the Royal Meteorological Society be com- 
municated to the President and Council of the Institution of Civil Engineers, and 
also of the Surveyors' Institution, for having granted the Society free permission 
to hold its Meetings in the rooms of their respective Institutions." 

The President then delivered an Address on ** Meteorological Observatories " 
(p. 81). 

It was proposed by Mr. G. J. Symons, seconded by Mr. R. H. Curtis, and 
resolved : — " That the thanks of the Society be given to Mr. Richard Inwards 
for his services as President during the past year, and for his Address, and that 
he be requested to allow it to be printed in the Quarterly Journal" 

The Scrutineers declared the following gentlemen to be the Ofl&cers and 
Council for the ensuing year : — 

President. 
Edward Mawlby, F.R.H.S. 

Vice-Presidents. 

Robert William Peregrine Birch, M.Inst.C.E., F.G.S. 

William Ellis, F.R.S., F.RA.S. 

Richard Inwards, F.R.AS. 

Capt. David Wilson-Barker, F.R.S.E, F.R.G.S. 

Treasurer. 
Henrt Perigal, F.R.A.S., F.R.M.S. 

Secretaries. 

Francis Campbell Bayard, LL.M. 
George James Symons, F.R.S. 

Foreign Secretary. 
Robert Henry Scott, M.A., F.R.S. 

Council. 

Robert Barnes, M.D., F.R.C.P. 

Arthur Brewin. 

Gborgb Chatterton, M.A., M.Inst.C.E. 

Richard Henry Curtis. 

Henry Newton Dickson, F.R.S.E. 

William Henry Dines, B.A. 

Charles Harding. 

Rear- Admiral John Pearsb Maclear, R.N., F.R.G.S. 

Hugh Robert Mill, D.Sc, F.R.S.E., F.R.G.S. 

Henry Southall, F.RH.S. 

Herbert Sowbrby Wallis. 

Charles Theodore Williams, M.A., M.D., F.R.C.P. 

Mr. R Inwards having left the Chair, it was taken by Mr. E. Mawley, the 
newly elected President, who thanked the Fellows for the honour they had 
conferred upon him in electing him to that office. 
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February 19, 1896. 

Ordinai'y Meeting. 
Edward Mawley, F.R.H.S., President, in the Chair. 

Rev. William Cbee, Vicarage, Manningtree ; 

Alexander John Currie, M.D., F.R.G.S., 219 Onslow Drive, Denni^'fco 
Glasgow ; 

Samuel Hardman, F.R.G.S., 225 Lord Street, Southport ; and 

Frederick Smallman, F.R.G.S., Hayesleigh, Stretford, Manchester, 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

"Report on the Phenological Observations for 1895." By 
Mawley, F.R.H.S., President (p. 124). 

" Notes on the Unusually High Barometer Readings in the 
Isles in January 1896." By Robert H. Scx)tt, M.A., F.RS. (p. 152). 

"Turner's Representations of Lightning." By Richard 
F.RA.S. (p. 160). 



COERESPONDENCE AND NOTES. 

Thunderstorms in Jamaica. — Throughout the West Indies thunderstc::^^! 
occur daily during the wet season ; the following remarks apply more particu^-^®^ 
to Jamaica. 

The late Prof. J. C. Houzeau lived in Jamaica between the years 1869— ^^ 
his residence was about six miles north-east of Kingston, at the foot of th^ St 
Andrew's mountains, and he made certain meteorological observations wlxicfi 
were published in Brussels, from which the following table is taken : — 

Total Nimiber of Days of Thunder for 6 years, 

September 59 

October 25 

November ^ 

December . 1^ 



Now, all along the central line of hills in Jamaica heavy rains, accompanied 
by thunderstorms, occur every afternoon from the beginning of May to the end 
of October ; and at the Kempshot Observatory, where I have lived more or leas 
continuously for twenty years, thunderstorms occur so frequently that, unleas 
some recognised system of recording their number be established, there is hut 
little use in making notes. Three or four thunderstorms may often be seen 
and heard in progress at the same time ; two or three thunderstorms often pMS 
over the place of observation during the same day ; and sometimes a number of 
small storms join together, intensify and sweep the island from its middle west- 
wards, the rain-curtain being at least 30 miles in length, and the lightning 
being incessant along the line of advance. 

Consequently the numbers in the table above given must be accepted with the 
greatest caution ; for instance, it is perfectly true that a little distant thunder 



January 
February 
March . 
April . 


4 
3 
2 
2 


May ... 28 
June ... 31 
July ... 42 
August . . 50 

Total for 5 years 269. 
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^ often be heard in December, and I have no doubt that such thunder has 
n heard on 16 days during the 5 years in question ; but the numbers 

and 59 applying to December and September are wholly misleading as 
rhe frequency and intensity of thunderstorms during those months ; 16 and 
10 would be much nearer the mark in the west-central parts of Jamaica ! 

Thunderstorms rarely occur in Jamaica except when rain is falling, or is 
nt to fall, from large cumuli; and the lightning is almost invariably straight 
m to the ground. As a rule the heavier the rain, where time and quantity 

both considered, the greater the thunderstorm ; but there are marked 
eptions to this rule ; so that the quantity of electricity in the cloud has to 
taken into consideration as well. Lightning consequently easily ** makes 
-h " in Jamaica by means of wet trees ; and it is only during the month of 
»tember, when thunderstorms are at their maximum, that any anxiety need be 
- For the protection of buildings I have recommended an arrangement 
Lch has answered well for many years at Kempshot : a copper rod three-fifths 
an inch thick is attached to a pole (or flag-staff), which is much higher than 

surrounding buildings ; the rod terminates in a few copper spikes, and is 
.1 connected with a large copper earth-plate. This lightning conductor is 
connected with the buildings. The buildings have all metallic gutters 
aiected together, and with the earth, by means of a small rod attached to the 
zhen chimney, this second rod also having spikes above and an earth-plate 
ow. And then by means of the two earth -plates and some very simple 
vanic apparatus, it becomes easy to test the conducting power of the rods and 
tes from year to year. The taller rod is often struck, when it makes a 
nd Uke a duU crack of a whip, and then thunder is heard in about two 
Dnds from overhead. It often happens that the rod is thus struck twice in 
t minutes. 

Hail does not often fall in Jamaica ; tornadoes are almost unknown ; and 
fcerspouts are seldom seen at sea. But although hail does not often reach the 
»und, it can sometimes be heard falling at a great height in the air ; the 
Lnd is like that of the rushing of a railway train at the distance of a mile or 
; and the rain which reaches the ground is cold at Kempshot, 1773 feet above 
-level, and cool at the sea-level, the temperatures being about 66° and 75° 
pectively. 

Now, as far as altitude is concerned, the temperature decreases under normal 
cumstances in Jamaica at the rate of 1° for every 315 feet ; but when rain is 
ling from a thunder-cloud the rate is 1° for every 177 feet according to the 
cumstances stated above. 

The barometer rises about 0*03 in. in a quarter of an hour before the passage 
the centre of the storm, and falls to the same extent in half an hour after the 
sage of the centre. 

As the cwmulus and nimbus approach, the sound of the rain on the leaves of 

forests may be heard at a distance of two or three miles, then the surface 
id begins to blow towards the storm, and no doubt upwards at the same 
le ; then there is a calm ; then cool wind blows from the storm ; and 
illy the wind and rain come together in squalls. This rain-wind is merely 
I to the passage of the cumulus and nimbus taken as a whole ; that is to say, 
the cumulus rain and all be drifting through the atmosphere at the rate of 

or 30 miles an hour, this will be the velocity of the rain-wind at the 
face. 

In the case of large cumuli which discharge rain and lightning we have 
refore mechanism different to that which produces tornadoes and cyclones. 
may be asked if I have never observed rotatory motion round the axes of the 
w^t, and my reply is, only on one or two occasions when, if the action had 
n continued, some minor form of whirlwind would have been experienced. 
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For the origin of cyclones we must undoubtedly look to large areas of low 
pressures round which the winds may begin to sweep, urged by the differeutial 
eflfect of the earth's rotation upon moving currents of air. Maxwell Hall. 

Evaporation at Eimberley, South Africa. — The evaporation gauge at 
Kimberley is a wrought-iron tank 4-feet cube, sunk into the ground within 
about an inch of the top and kept nearly full of water. There is a rain gauge 
close at hand. The levels of the water in the tank are taken daily by means 
of a hook gauge specially designed by Mr. R. H. Twigg, the engineer to the 
Kimberley Waterworks Co., who own the evaporation gauge. The hook gauge 
consists of a heavy hook having a very sharp point. It is suspended by means 
of a metallic cord passing over a pulley ; this cord is attached to one end of a 
horizontal vernier scale, which can be moved by a screw with micrometer bead, 
enabling the observations to be made to '001 inch. The suspension of the hook 
by a cord is found advantageous in preventing the vibrations, arising from operat- 
ing the screw, disturbing the water surface, and the horizontal scale is more 
convenient to read than if it were vertical. R. H. Twigo. 



Month. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October . 

November 

December 

Total 



Evaporation at Kimberley. 



1891. 



1892. 



1893. 



1894. 



1895. 



8668 10439 101.32 9126 101.84 



Mean. 



in. 


in. 


m. 


m. 


in. 


m. 


10.30 


11-94 


10-34 


10.17 


1238 


11.1 


8.59 


11-30 


10-00 


5.41 


8.66 


8.8 


630 


7-50 


9.14 


7.20 


8.44 


7.7 


5.08 


6-43 


7.79 


6.56 


5-06 


62 


5-05 


6-97 


6-98 


4.73 


613 


5.6 


3.68 


4.00 


5-10 


4.31 


4-42 


4.3 


4.11 


6-19 


4-68 


5.13 


4-89 


48 


5-30 


6-84 


6.16 


6-44 


7.57 


6.4 


8-27 


8-34 


8.09 


8-04 


8.73 


83 


10.46 


8-86 


11.00 


10.83 


12.93 


108 


9.08 


12.18 


10.57 


11.48 


11.84 


110 


10-46 


16-84 


11.47 


10.96 


11.79 


12-1 



971 



Month. 



Total 



Rainfall at Kimberley, 



1891. 



1892. 



1898. 



1894. 



31-08 



1273 



14-76 



21.53 



1895. 



Mean. 





m. 


m. 


in. 


in. 


m. 


m. 


January . 


. 3.10 


-79 


4-44 


6-38 


1.30 


320 


February 


3.93 


-89 


1-81 


4.85 


226 


2.76 


March 


. 4.96 


5-14 


1-66 


2.57 


1.93 


323 


April 


3.55 


76 


1-23 


.96 


313 


1.92 


May 


.28 


•07 


• • • 


-83 


1.07 


46 


June 


1-06 


.95 


-80 


-06 


• • • 


.57 


July 


-11 


-05 


07 


• • • 


-20 


09 


August . 


1-01 


10 


•64 


-26 


• ■ • 


-40 


September 


.43 


169 


• ■ • 


52 


• a • 


68 


October . 


. 1-57 


1-27 


23 


.77 


-10 


•76 


November 


524 


71 


2-46 


1-76 


1-53 


234 


December 


5-84 


31 


1-53 


2-59 


2-29 


261 



1381 I8.74 



MovementB of the Surface Waters of the North Sea. — Mr. H. N. Di< 

son has summarised the results of surveys made in the North Sea in 1893 
1894 by Danish and Swedish ships, and also by ships from the Kiel Commissio: 
and the Fishery Board for Scotland. He finds that the distribution of water 
all salinities over the surface of the North Sea varies within very wide limi 
both as to size and position of the areas covered, and it may be altogeth< 
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Afferent at the same season in different years, and practically the same at quite 
^itferent seasons in the same year. Hence it appears that the forces which 
Produce the changes act rapidly ; a change of distribution at the surface may be 
Wholly or chiefly due to forces which have come into action only a short time 
^fore. The chief influence at work locally is the wind, which has also a pro- 
*omi(i effect on the surface supplies of oceanic water. The observations show 
^bat :— 

1. Calm weather favours the spread of a thin layer of water of 34 per mille 
^slinity over a great part of the surface of the North Sea, the result of previous 
■^^ing. 

2. Strong Northerly (N.E., N., or N.W.) winds tend to broaden the area 
^vered by 36 per mille (oceanic) water, and to blunt its extremity, and the 

^<UT£ace siJinity on the whole is increased, the fresher outflowing waters being 

Jrf'^en back. One very important effect is to send water between 33 and 34 

PexT mille southwards along the west coast of Norway ; and further investigation 

show that these conditions are responsible for the influx of ^' bank water " 

the Skagerak, which has been found to coincide with the period of the 

^sdish herring fishing. 

3. Westerly and South-westerly winds tend to form a continuous strip of 35 
* mille water along the whole of the central axis of the North Sea, probably 

.use the oceanic streams are strengthened, but at the same time mixing goes 
pidly, and there is a strong upwelling from the British coasta 

4. Easterly and South-easterly winds reduce the salinity as a whole by 
the fresher waters over the surface. The oceanic water is covered 

', or shows a small area close to the coast of Scotland. 

Olond Atlas. — The editors have received the prospectus of the forthcoming 
Atlas, and they think it may be acceptable to the Fellows to give a trans- 
on of it. 

Gircula/r from the Claud Committee. 

The Meteorological Conference of Munich, in 1891, recommended, by a 

ority, the system of cloud classification, proposed by Messrs. Hildebrandsson 

Abercromby, and nominated a Committee for the purpose of publishing a 

^^<:>Tid Atlas containing coloured reproductions of the principal types of clouds, 

^^^<^ of the secondary forms which are also seen in addition to the simple forms. 

After preparatory correspondence, etc., the Committee met at Upsala in 

^^ 94, at the same time as the International Meteorological Committee assembled 

^^*^ They organised an exhibition of more than 300 specimens of representa- 

"•>xi« Qf clouds from almost all parts of the world, and from this they selected 

*p^ examples for the Cloud Atlas. At the same time the Committee decided on 

^^ definitions of the different forms, and prepared instructions for cloud ob- 

^^^^^tions. The minutes of the proceedings of the Committee were submitted 

^ ^he International Committee, and were, with some slight modifications, 

^ ^^I>tied. Finally the undersigned were named as a Sub-Committee for Publica- 

^t; is needless to enumerate all the difficulties which were met in the produc- 
J^ of the Atlas at a moderate price. After several attempts we are able to 
*^Vit to meteorologists this official Atlas in a form as elegant and complete as 
^*^ be obtained without too great an increase of cost The plates have been 
• ^^*Xitted and approved by a number of eminent meteorologists, and the text, 
m^ ^^X^ree languages, contains the definitions and instructions adopted at Upsala. 
^^ ^ l^jope, therefore, that the Atlas will be very useful to all engaged in the study 
'" ^ndfl, obseryationB which become daily more and more important to the 
of meteorology, whether from the point of view of theory or of that of 
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weather prediction. The Atlas is on sale by MM. Gauthier Villais et fillip W 
Quai des Grands Augustine, Paris. Price 9 francs; for 10 copies 80 fnatmt' 

H. H. HiLDEBRANDSSON, A. RiGGENBACH, L. TeISSERENC DE BOBT. C^Mi% 

Basky Pans, April 1896. 

The Atlas consists of 14 plates containing 30 separate figures. 

Climate of Venezuela. — Few meteorological records have been, kept ia 
Venezuela, and therefore the climate can be described only in general outliiMiL 
As in other countries of South and Central America, three zones ^are 
— the Tierra calierUe, extending from sea-level up a height of about 1800 
the Tierra teniplada, reaching up to about 7200 feet ; and, above thisy the Timtm 
fria. These zones have mean annual temperatures of 86° to 77', 77* to 60^^ 
and below 60** respectively. On the north coast the heat is excessive, owii^ 
the Trade- wind which blows across the hot Caribbean Sea. Maracaibo ia MOdtl^! 
be the hottest place on the coast, though La Quayra, situated on an 
mountain ilank and unsheltered by forest, is known as El Infiemo de VenesmlAj; . 
the mean yearly temperature is 85° and the minimum over 77^ But wlMlt 
makes the heat more felt here is the small difference between day and lugbt 
temperatures, amounting, even in the cooler months, to only 5° or 6**. GazaeM^: 
lying at an elevation of 3000 feet above sea-level, and therefore in the Timn^. 
templaday enjoys a cooler and more agreeable climate. Its mean annual 
perature is 71°. In the hottest months the thermometer ranges from 68* to 8S^i' 
and in the coolest from 71° to 52°. 

In the Cordillera the changes of temperature are naturally very great^ am tiba^ 
traveller may in a few hours ascend from the sheltered valleys to the Mfnlr, 
wind-swept paramos^ the high plains above the forest limit It may be niwiiinai 
that in general the temperature in the Cordillera diminishes at the rate of 1* te- 
every 365 feet. But local conditions vary the changes, which are greater in ttf!' 
midst of the mountains than on their outer slopes. In the lower parti^ duMq^ 
the heat is very great, it is not so extreme as in many other tropical conntna^. 
and is not so high on the northern slope as on the southern, in the T.1iLTi#>f j^ aaft^ 
in Central Venezuela, for on the north humidity moderates the temperatore 
the luxuriant vegetation wards off the burning rays of the sun. The bi^iMl^ 
readings of the thermometer have been observed in the Llanos : in 
south of the Portuguesa range, Dr. Sievers observed a temperature of 1254* in 
sun and 89^° in the shade, in October 1885, at 2 p.m., while Sachs at Calabonv 
found the mean of the readings at the same hour during February 1 877 to te 
96°. As a rule the bare and dry tracts are warmer than the woodlanda 

The rainfall is given by the Graf zu Erbach in Wandertage einet DauirnktU^- 
Touristen im Strom- und Kiistengehiet des Orinoko, after Villavicencio^ as 70 in* ii 
Maracaibo, 68^ in. at the lake of Valencia, 65 in. on the Caribbean coast, 68 in, 
on the Gulf of Paria, about 60 in. along the Orinoco, and 31^ in. at OaraOML, 
In the Tachira valley and in Western Merida there is a lesser rainy season in 
spring, and a greater rainy season beginning at the end of July, while a dfeOift'* 
dry period intervenes, called the " little summer of St John." When the sun ii'j 
near the Tropic of Cancer, but in the highlands farther east, lying also in a monP' 
northern latitude, the short, dry period disappears and the rainy seasons meiga^ 
into one. — Scottish Geographical Magazine, April 1896. 
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Mean Amount of Cloud on each Day op the Year, at the Royal 
Observatory, Greenwich, on the Average of the Fifty Years 
1841 to 1890. 

By WILLIAM ELLIS, F.RS. 

[Read April 15, 1896.] 

In my address to the Royal Meteorological Society in the year 1888 I 
included a discussion of the observations of cloud made at Greenwich, 
principally at the Royal Observatory, during the seventy years ending 
1887. The inquiry was confined to a consideration of monthly vahies, 
and I have long desired to supplement it by an endeavour to establish, 
from daily values, the form of the mean annual curve more completely 
than mean monthly values will permit. Tables of monthly values of the 
yarious meteorological elements are numerous, but determinations of the 
daily march of any element through the year, as found by combining 
together the results for a number of years, are not so frequently made. 
And yet the interest attaching to such more complete exhibition of the 
annual curve is correspondingly greater. But the labour involved in 
calculating mean daily values from the observations of a long series of 
years is considerable, and may often prevent such work being undertaken. 
The paper now presented to the Society includes a table of the mean 
daily values of cloud, for each day of the year, as deduced from the ob- 
servations of the fifty years 1841 to 1890. No separate daily values 
having been formed during the earlier portion of the seventy years 
previously employed, I have contented myself with using, in this newer 
work, the results of the observations made at Greenwich since the 
establishment of the Magnetical and Meteorological Observatory in the 
year 1841, since which time separate daily values are available. This is, 
on the whole, probably an advantage, since the period now employed is 
the same as that used in the formation of the tables of mean temperature 
and mean maximum and mean minimum temperature of the air, for each 

N 
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day of the year, as giveo in papers contained in the Quarterly Journal o^ ^ 
the Society, vol. xviii. p. 237, and vol. xix. p. 211. The adoption, wheir^ 
possible, of the same period in tabulations of similar nature is useful »*_^ 
facilitating inter-comparison of results. 

TABLE 1. — Mean Amookt of Clocb on bach Day of the Yeab, at thb Roi^^^ 
OsBEaVATo&T, Grxknwich, as found f 
Ybabs, 1841 TO 1890. 



























' Day 


Jan. 


FEh. 


Mar. 


ApriL May. 


June. 


J^ly. 


Aug. 


S=pt. 


Oct 


Nov. 


Dst 


, 


7-3 


7-' 


7-7 


6-4 ' 6-1 


5-6 


6-9 


6-S 


5.8 


6-3 


7-2 


7-0 




7-3 


7-S 


u 


6-3 5-8 


6-3 


6-9 


6-g 


6-6 


6-6 


7-' 


7-0 


3 


7-7 


7-6 


6'3 


6'3 


6.5 


7-4 


7'° 


6-2 


6-1 


6-A 


7-7 


4 


7-0 


7-5 


6.7 


6-2 


6-3 


6.D 


6-S 


6-4 


6-3 


6-9 


71 


7-3 


5 


7-2 


7'9 


6-8 


68 


6-1 


6-8 


5-9 


6-1 


6-0 


6-4 


7'2 


fr9 


6 


7-3 


7-2 


6.5 


6.6 


6-4 


7-2 


6-6 


6-8 


6-2 


6-8 


6.8 


T3 


7 


6.6 


7-9 


7-3 


6-6 


6.7 


7'5 


6-9 


6-4 


6-0 


6-9 


7-! TS \ 


8 


7.6 


7-3 


7-3 


6-5 


6.9 


6.9 


6.9 


6-6 


7-0 


6-8 


6-8 n 
6-7 7« 


9 


7-z 


7-3 


6-7 


7.0 


6.9 


6-9 


70 


6-7 


6-5 


7.2 




7'9 


7.0 


6.9 


6.8 


7-2 


6.7 


6'3 


67 


6-4 


6.7 


7- n 




7.8 


7-5 


6.9 


6-q 


6.8 


6'3 


7.0 


6-7 6-0 


6-4 


7-1 r' 




7'5 


6.9 


7-3 


6-8 


6-S 


7.0 


6-3 


6-1 5.9 


6-4 


6-4 J-3 


'3 


8-3 


7-3 


6-4 


7-z 


6-2 


6-3 


6-5 


6.7 


57 


7.2 


7-5 7* 


14 


7-7 


S<) 


7-4 




6.g 


5-9 


6<J 


6.5 


6-4 


6-4 


7-3 J-' 


'5 


^'i 


7-5 


7-' 




6-3 


fr3 


6-0 


6-6 


6-1 


6-9 


7-4 ^ 


i6 


7-8 


7-2 


6-8 


6-5 


^■5 


6-6 


6-6 


6.5 


6-5 


6.7 


7-2 8- 


■7 


8-0 


70 


6-6 


5.5 


6-1 


6-9 


7.0 


6.7 


6-3 


ti 


U 7^ 


iH 


80 


7-' 


6'3 


6.2 


6.5 


?■' 


6'5 


6-9 


5-9 


^^ h 


19 


7-9 


7-6 


7'4 


6-1 


6-g 


7.2 


7-' 


7-0 


6-1 


7-' 


6-9 « 




7-7 


7-0 


7-6 


S-8 


6i 


7.2 


6-8 


6-7 


S-8 


6-5 


6-7 t 




7-8 


7-4 


7-3 


5-8 


6-5 


6.7 


6.0 


6.4 


6-5 


7-3 


7-4 *^ 




7-7 


7-7 


7-3 


6-7 


6-3 


6.4 


6-S 


6.2 


6.0 


70 


7-8 7 


23 


7.2 


7-3 


6-7 


6-2 


6-1 


6-2 


6-8 


6-3 


6.9 


7'4 


7.0 7 


24 


7-S 


7'4 


6.4 


6.8 


6-3 


6-6 


6-8 




6.9 


7-2 


7'3 J 


s 


6.9 


7'8 


6.7 


6.6 


6-3 


6.7 


6-8 




5-6 


7-2 


7-3 *" 


6-5 


7-4 


6.9 


6-7 


6.6 


6.2 


7-1 


6-S 


6-1 


6-6 


7-6 7 


a; 


6.4 


7-S 


7-2 


6-6 


6-4 


S-8 


7-2 


6-6 


6-3 


6-9 


^■^ L 


■a 


6-6 


7-2 


7 '4 


7-' 


71 


6-8 


7.2 


6-4 


6-2 


6-6 


6-8 7^ 


25 


7-2 




6-i 


6-7 


7.0 


6'3 


6.6 


6-7 


6-4 


7-5 


6-S 


?, 


30 


7.8 




6-9 


6.0 


6-4 


6-8 


6-5 


S'9 


6.9 


7'S 


7-1 


?■» 


3' 


7-1 




6.7 




6-4 




6.S 


5'9 




6-8 




7-S 


Gratex 

daily value. 


8-3 


8^ 


77 


7-2 


7-2 


7'S 


7-4 


7.0 


7.0 


7'5 


7-8 


S.I 


L«ild;Jly 


64 


6.9 


6-3 


5'S 


5-8 


5-6 


5-9 


5'8 


5.6 


6. 1 


6.4 


^-6 


Ranpsin 
month. 


1-9 


~ 


1-4 


1-4 


1.4 


1-9 


'-S 


17 


1-4 


~1 


~1 


i5 


Mean. 


7-41 


7-4 


6-9S 


6-57 


6.50 


6.S9| "fr68 


6.49 


~^5 


6-S3 


70 


^ 


Mean of Ihe twelve munlhly values = 6S5 



The daily values of cloud for the fifty years in question were W*"" 
scribed so that there appeared in one vertical column the fifty values * 
January 1 of the different years, in the nest column the fifty values f 
January 2, and ao on, from which the mean value for each day of ** -i 
year was formed. It should be explained that during the years 18-* 
to 1847 each separate daily mean depends on twelve two-hourly obaot^^ 
tions, excepting on Sundays and some other occasions when fewer obe 
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3 were taken, on which days these were supplemented by incorporating 
e^with the observations of the Belville Greenwich record, the originals 
'"liich are in the possession of the Society. In 1848 the results depend 
iix observations daily, and from 1849 to 1890 on four observations 
y, those on Sunday being taken at slightly different hours. The 
y means from 1841 to 1847 are given in the printed Greenwich 
xmes, excepting for Sundays and some other days, for which values 
'e prepared as already described. No daily values for succeeding 
rs having been published, I am indebted to the Astronomer Royal for 
mission to use them for the purpose of this paper. 
The actual observations were made by many different observers, 
eral being at all times employed. When any observer leaving was 
laced by a new one, the latter was instructed by the older observers 
bheir manner of estimating the amount of cloud. By this means the 
roduction of personality in observation was to a great extent avoided, 
list the employment at all times of several observers tended to preserve 
tinuity of method. The usual notation was throughout employed, 
ignifying a clear sky, and 10 one that is overcast. 
The collected mean values for each day of the year, as deduced from 

observations of the fifty years, are given in Table I., and they are 
ibited graphically in the diagram (Fig. 1, p. 172). It will be readily 
1, both by the table and in the graphical representation, that a 
Lcipal maximum occurs in winter and a principal minimum in autumn, 
1 a secondary much less pronounced maximum in summer and a 
mdary minimum in spring ; and when the whole series is divided into 

of twenty-five years each the same characteristics are shown. But 
*e is considerable irregularity in the succession of daily values, the 
^rences between which on consecutive days (see Table I.) are in 
serous cases relatively large, considering that the results are derived 
ci the observations of fifty years. That such irregularity exists is in 
If information. In order to ascertain whether there is any seasonal 
^rence in this irregularity, the differences between the values of each 

day and the next in Table I. were taken throughout each month, 

the mean for each month of the numbers so found is given in 
ae II. 



^LE 11. — Mean Variation op Amount op Cloud, between one day and 

THE NEXT, IN EACH MONTH. 

^uary 

ebruary 

taxch 

pril 

lay 

une 

It should be mentioned that there is considerable variation in some 
k« between different parts of the same month. But on the whole the 
xbers appear to show a tendency to a prolonged maximum in winter, 
^wnd more moderate maximum in summer, with minima in spring 
autumn. The value for September seems somewhat large, the month 
fe^ meteorologically one rather of quiet character. In this connection 



0.37 


July . . 


0.35 


0.39 


August 


0.26 


0.39 


September . 


0.41 


0.27 


October 


0.40 


0.30 


November . 


0.36 


0.39 


December . 


0.37 
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lay be remarked that there is a greater prevalence of wind storms 
ing the winter half of the year. 

It may be thought to be refining too much to treat cloud observations 
ihis way, considering that the amount of cloud is usually estimated 
1 to the nearest unit. It gives some information on this point to 
de the observations of the fifty years into two series of twenty-five 
rs each. This was done, and the separate monthly means thus found 
given in Table III. 

In seven months of the year the difference between the two monthly 
lies does not exceed 0*10, showing that a second decimal place in these 
iths is by no means redundant. The differences in the remaining five 
iths are greater, but they probably indicate definite variations in amount 
loud. The greatest difference exists in May, 0*38, but the values in 
preceding and following months of April and June are in close agree- 
t, and obseiTers would not in two periods so vary in their estimate 
le amount of cloud in three successive months so similar in general 
acter as April, May, and June. It happens that numerous high 



TABLE III. — Mean Monthly Amount of Cloud in two twenty- 
five YEARLY Periods. 



ILT^r 


.•.V 






Mean Amount of Cloud.' 


MOTiui. 


z84i-i865. 


1866-1890. 


January 
February 
March 
April . 
May . 
June . 
July . . 
August 
September 
October 
November . 
December 








7-44 

7-30 
7-00 

6-53 
6-69 

6-6o 

6-73 

6.57 

6-20 

696 

7.16 

7-44 


738 

7-53 
6-91 

661 

6-31 

6.59 

663 

6-40 

630 

6.69 

6-93 
7-43 


Mean .... 


6.89 


681 



^8 for May occur during the first twenty-five yearly period {QwaTterly 
naif vol. xiv. p. 187), varying in the years 1845, 1852, 1856, and 
i from 8*0 to 8*3, whilst also the least May value recorded since the 
iiencement of observation in 1818, viz. 3*0 in 1848, occurs during 
iame period, which does not indicate any tendency to over-estimate 
:>out that time. The low value of 3*0 is itself corroborated by the 
Lmstance that the temperature of May 1848 was unusually high, as 
cely to be the case in May when the amount of cloud is small. 
Cn order to reduce to some extent the irregularities of Table L, and 
stter bring out the principal features of the annual variation, five-day 
ri8 were formed (Table IV.), from which was constructed the graphical 
« (Fig. 2, p. 175). 

He principal maximum in the five-day means occurs January 

20 = 7*88 : the principal minimum is double, August 29-September 2, 

September 18-22, both = 6 06 : the secondary maximum occurs June 
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5 - 9 = 7*06, and the secondary minimum May 1-5 = 614. The \ 
tions of short period are still considerable in all months excepting Oct 
The observations of many years will evidently be necessary to elimi 
from the curve the irregularities that are presumably of accid< 
character. 

TABLE IV.— Five- Day Means of Amount of Cloud. 



January 


' I- 


-January 


5 


7-30 


June 30— July 4 




)) 


6 


)) 


10 


7-32 


July 5 


9 




>> 


II 


i» 


15 


7.72 


„ 10 


14 ■ 




** 


16 


if 


20 


. 7-88 


15 


19 • 




*) 


21 


ii 


25 


7-42 


„ 20 


24 . 




it 


26 


>> 


30 


6-90 


25 


29 . 




>> 


31 


February 4 


7-42 


30 


August 3 . 




February 5 


a 


9 


. 7.52 


August 4 


8 . 




a 


10 


}) 


14 


• 7-34 


9 


13 < 




>> 


15 


>> 


19 


. 7.28 


14 


18 . 




)) 


20 


»» 


24 


. 7-36 


19 


23 . 




i> 


25 


March 


I 


. 7.52 


24 


28 . 




March 


2 


)t 


6 


6.82 


29 


September 2 . 




»> 


7 


>> 


II 


7-02 


September 3 


7 • 




*) 


12 


»> 


16 


7-00 


»» " 


12 . 




a 


17 


n 


21 


7.04 


13 


17 . 




a 


22 


9> 


26 


680 


„ 18 


22 . 




9i 


27 


l> 


31 


6-90 


23 


27 . 




April 


I 


April 


5 


6-40 


,, 28 


October 2 . 




»> 


6 


>» 


10 


670 


October 3 


7 • 




>i 


II 


>> 


15 


704 


8 


12 . 




)) 


16 


>> 


20 


6-22 


13 


17 ■ 




i> 


21 


»> 


25 


642 


18 


22 . 




a 


26 


»» 


30 


6-62 


23 


27 . 




May 


I 


May 


5 


6-14 


28 


November i . 




)) 


6 


»» 


10 


. 682 


November 2 


6 . 




»> 


II 


)) 


15 


. 6.54 


7 


II . 




)) 


16 


>> 


20 


. 652 


12 


„ 16 . 




»» 


21 


a 


25 


. 6-30 


17 


21 . 




a 


26 


>> 


30 


. 670 


22 


„ 26 . 




)} 


31 


June 


4 


. 6.16 


27 


December i 




June 


5 


>> 


9 


. 7-o6 


December 2 


6 




a 


10 


*) 


14 


. 6-44 


7 


II 




t> 


15 


»> 


19 


. 6.82 


12 


„ 16 




»> 


20 


)) 


24 


6-62 


17 


21 




)) 


25 


>> 


29 


. 6.36 


22 

27 


26 
31 





An examination was made into the distribution of days in diffc 
months as regards degrees of amount of cloud, tabulating for this pui 
the number of days in each month that the sky was either cloudle 
overcast, or on which the amount of cloud was included ^vithin ce: 
limits. Thus days having an amount of cloud between 0*1 and 3*0 
considered as days of little cloud, days with amount of cloud betweei 
and 8*9 as days of medium cloud, and days with amount of cloud bet' 
9*0 and 9*9 as days of much cloud. The results are given in Tabl 
in which, on account of the inequality in the length of different mo 
the percentage of days of each class of cloud in each month is g 
instead of the actual number of days. 

The table is to be thus read. In January in 50 years there 
1550 days, in each 100 days of which there were on the average 2 
cloudless, 8 days of little cloud, 46 days of medium cloud, 15 da; 



ELLIS— MEAN AMOUNT OF CLOUD AT GREETTWtCH 176 

much cloud, and 29 days overcast. And Bimilarly for other months, and 
for the year. 



MoDlh. 


OoudkH 


Cloud 


Medium 
Cloud 
3..U.B.9 


Much 

Cloud 


OwTOUl 


Much 

August 
October 
Decemb 


y 








8 
8 
9 


55 
55 
59 

S3 
49 
43 


;i 

13 
14 

14 

"5 
"3 

13 
14 
•5 


3 

30 

'5 

>4 

9 
9 

H 
3' 


The Ye«t 


3 


lO 


54 1 '4 


'9 



The cloudless days are moat numerous in spring and autumn, and 
least so in winter and summer, though the variation in this respect 
through the year seems scarcely so great as might have been expected. 
The days of little cloud are somewhat loss numerous in winter aa 
compared with other parts of the year, in which there is little variation, 
whilst the days of medium cloud are much more numerous in summer 
than in winter. The days of much cloud are nearly equal in amount in 
all parta of the year. The overcast days are much more numerous and 





J.» 


r,. 


«4flC« 


imiL 


MAY 


jrai 


JUL, 


AUG 


Sf»I 


OCT 


.0, 


a,c 




\ll 


l\ 






















M 


1 


\J 


1 


V 


. 














n-r 


A 


r 


\i 






6-i 


\\ 


L 


h 


k 


I 


A 




/ 














fi/1 


(^ 


^ 


__ 


\ 


H 











Fio. 2.— FiTO-.l«r Meftiw of Amount of CToml, 1841-1890. 

nearly equal in amount in the first and fourth quarters of the year, much 
less numerous in the second quarter, and again less numerous in tfae 
third quarter. The distribution of days of different degrees of cloud is 
altogedier very similar in the months of December, January, and 
Februaiy; and in March and October differs very little from the dis- 
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tribution for the year as a whole. It will be observed that the decrease in 
the number of overcast days as summer is approached is accompanied by 
a nearly equal increase in the number of days of medium cloud, and by 
scarcely any change in the number of days of much cloud. That is to 
say the lesser number of overcast days of summer is supplemented, not 
by an increase in the number of days of much cloud (rather indeed by a 
slight decrease), but by increase in the number of days of medium cloud, 
and some increase in those of little cloud. 

An inquiry into the character of the relation existing between cloud 
observations and sunshine records has furnished results which may be 
thought interesting. In the circumstances influencing the two records 
there is this difference, that whilst the amount of cloud varies only with 
the time of year, the proportion of sunshine varies not only with the 
time of year (that is as affected by the amount of cloud), but also with 
the altitude of the sun. If the sunshine records could be taken as 
actually measuring the amount of clear sky, as the cloud observations 
are a measure of the amount of cloud, the two records should yield 
complementary results. Thus constant sunshine on any day being 
represented by of cloud, and no sunshine by 10 of cloud, partial sun- 
shine would be represented by a corresponding complementary amount of 
cloud. And this appears to be nearly the case in months in which the 
sun reaches daily a considerable altitude. But in months in which the 
altitude attained is lower, the sunshine registered is not fully comple- 
mentary of the observed amount of cloud, but falls short thereof. To 
illustrate this, the mean monthly values of amount of cloud for the 
fifteen years, 1877 to 1891, have been compared with the mean monthly 
proportion of sunshine (constant simshine=l) for the same period, one 
adopted simply because the corresponding mean monthly proportion of 
sunshine for Greenwich was readily obtainable from my previous paper, 
to be found in the Quarterly Journal, vol. xix. p. 118. The comparison 
is made on the supposition that the cloud and sunshine results are really 
complementary. The cloud scale is numerically ten times that of the 
sunshine scale, therefore by dividing the mean amount of cloud for each 
month by 10 and taking the complement of the quotient to 1, we obtain 
the amount of clear sky on a scale of to 1. This is compared in Table VI. 



TABLE VI. — Greenwich Cloud and Sunshine Records Compared, 1877-1891. 



/ 



Month. 



January . 

February 

March 

April 

May 

June 

July 

August 

September 

October . 

November 

December 



Mean Altitude 
ofSunatNoon. 



i8° 

26 

37 
48 

57 
62 

60 
52 
41 
30 
20 

16 





Cloud 


Observed Mean 




Amount of Cloud. 


10 
= Clear Sky. 


7-37 


0.263 


7-45 


0.255 


687 


0-313 


6.97 


0-303 


6-44 


0.356 


6.63 


0-337 


6-93 


0.307 


6-66 


0-334 


6-34 


0366 


6-68 


0332 


7-OI 


0-299 


7-35 


0-265 



Mean Registered 

Proportion of 

Sunshine. 



0-106 
0-156 
0256 
0-293 
0366 
0.350 

0-333 
0.340 

0.310 

0*241 

0.I6I 

0.087 



ResiduaL 



-0.157 
-0099 
-0057 

-ooio 

+ 0010 

+0013 

+ 0-026 

+o-oo6 

-0056 

-009I 

-0-13^ 

-0-17^ 
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with the corresponding monthly mean proportion of simshine obtained 
from the paper mentioned, adding in another column of the table the 
mean altitude of the sun at noon in each month. The record is that of 
bright sunshine, registered until 1886 by the Campbell recorder, and from 
1887 by the Campbell-Stokes recorder. 

It thus appears that in the five months of April, May, June, July, and 
August, in each of which the sun at noon at Greenwich reaches daily a 
considerable altitude, the cloud and sunshine records are practically com- 
plementary, the residuals in the last column of the table being in these 
months on the whole small. It would seem that when a noon altitude of 
about 45° is reached, and from that to altitude 62°, the sun at Greenwich 
obtains such command of the sky that the monthly proportion of sunshine 
closely represents the proportion of clear sky. What would happen did 
the sun at Greenwich attain a noon altitude greater than 62°, whether or 
not the relation would undergo further change, cannot by observation be 
known, but since the proportion of sunshine at low altitudes falls con- 
siderably below that of clear sky, whilst it more nearly approaches thereto 
as the altitude of the sun increases, until between altitudes 45° and 62° 
the proportion of simshine nearly represents that of clear sky, it may be 
that the limit of change in the relation is then nearly reached. The 
rapid variation in the proportion of sunshine at lower altitudes would 
seem to be more a consequence of difference of altitude of sun than 
of variation in amount of cloud. In Table VII. months that have 
very nearly similar amounts of cloud, but different altitudes of sim, are 
compared ; and in Table VIII. months that have similar altitudes of sun, 
but different amounts of cloud. 



TABLE VII.— Variation of Sunshine in Months having similar Amount of 

Cloud, 1877-1891. 



Month. 

November . 

March 

April .... 

July .... 


Mean 
Altitude 

of Sun 
at Noon. 

9 
20 

37 
48 

60 


Observed 

Mean 
Amount 
of Cloud. 


Mean 

Registered 

Proportion 

of Sunshine. 


701 
6.87 
6.97 

6-93 


0-l6l 
0-256 
0.293 

0-333 



The increase in the proportion of sunshine with increase of altitude is 
evident It is not easy to compare months having the same altitudes of 
sun and different amounts of cloud, except by combining, in some cases, 
two months together, as in Table YIIL 

Table VIII. shows that, with similar altitude of sun, the months having 
a lesser amount of cloud have a corresponding greater proportion of sun- 
shine, whilst Table VII. shows that, with similar amount of cloud, the 
proportion of sunshine increases rapidly with increase of altitude when the 
altitude is low, but much less rapidly when the altitude is higher. It is 
to be remarked that the residuals at high altitudes (Table VI.) indicate 
that the proportion of sunshine is somewhat more than complementary of 
the observed amount of cloud, although it is known that the sunshine 
record is subject to a slight loss of register on those occasions on which 
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the sky near the horizon happens to be clear at Bunrise or sunset. It 
seems easy to underBtand why more sunshine should be registered with 
increased altituda At higher altitudes the straight line joining the eud 
and the sunshine recorder tends to a vertical direction, whilst at lower 



TABLE VIIL — Variation or Suhshivb in UoNTaa haviho siuilab Altitddb ei 

Sun. 1877-1891. 



Moolh. 


Mcu 

Aliitudc 


Man 

ofOoud. 


K^P^ 


March! 

April 1 ■ ■ 

September . 


4*° 


6^2 
634 


o-i74 
0-3I0 


S> : : : 


6o 

6o 


6.S4 
6-93 


0.358 
0-333 



altitudes it tends to a horizontal direction, and we can very well im^lJ*'^ 
that, on days of variable or broken cloud, of which we have so mav- J' 
much more sunshine would be likely to reach the recorder in the form— ■*' 
than in the latter case. 
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PiQ. 3. — Cloud sad Sunshine, 1S77-IS9I, arron^ogthe Hoaths in order 
ot msgaituile of 3ud's Altitude. 

Some points in the comparison of cloud and sunshine results can b^ 
better seen in a graphical representation. In the accompanying diagram.* 
the months are arranged not in order of months, as in Table VI., but in * 
order of magnitude of the sun's altitude at noon. The scales of cloud and J 
sunshine run in opposite directions, by which it is readily seen how closely 
the values become complementary at the higher altitudes, and also, not- 
withstanding the divergence of the curves at the lower altitudes, how the 
rise or fall of either curve between any two adjacent altitudes is through- 
out accompanied by corresponding rise or fall of the other, showing that, 
apart from the general change of direction of either curve, their irregu- 
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ies (due to climatic variation) are of similar character, and in this 
e the curves are entirely corroborative. 

The residuals in the last column of Table VI. show that a given relation 
ireen the cloud and sunshine records holds for a limited time, for a 
er period when the sun's altitude is high, and for shorter periods 
n it is low. There being little change during summer, and the records 
g also nearly complementary, it appeared that although they had so far 
I treated only for complete months, a comparison in summer for days 
led also possible, and in order to see within what limits daily values 
Id accord, selection was made of the month of May in the year 1889, 
' being taken as the most simny month, and 1889 as a year in which 
sunshine registered in this month, was near the average value. No 
T month was tried. The residual for May (Table VI.) being small, 
comparison was made on the supposition that the records were strictly 
plementary. The particulars are given in Table IX. It will be 
arked that the values of cloud inferred from the sunshine records are 
:ood agreement with the observed values, being on 22 days out of 31 
lin one unit of the scale of cloud numeration, an accordance between 
V values hardly to be expected. The mean difference 0*1 is very 
L 

-BLE IX. — Greenwich Cloud and Sunshine Records compared for the 

MONTH OF May 1889. 





Registered 


10 (i - Sun- 


Observed 




Day. 


Proportion of 


shine) = inferred 


Amount of 


Residual. 




Sunshine. 


Amount of Cloud 


Cloud. 




I 


r 

0-17 


8-3 


8-2 


+ 0-I 


2 


0-27 


7-3 


6-8 


+ 0-5 


3 


0.59 


4-1 


5-2 


- I-I 


4 


0-59 


4-1 


3-3 


+ 0.8 


5 


o-6o 


4-0 


3-3 


+ 0-7 


6 


0.68 


3-2 


3-0 


+ 0-2 


7 


0-43 


5-7 


7-2 


-1-5 


8 


0.47 


5-3 


5*5 


-0-2 


9 


0-23 


7-7 


8-3 


-0.6 


lO 


0-07 


9-3 


9-2 


+ 0-I 


II 


000 


lO-O 


lO-O 


O-O 


12 


o-oo 


lO-O 


lO-O 


0-0 


13 


o-oo 


lO-O 


lO'O 


O-O 


14 


0-14 


8-6 


9-2 


-0-6 


15 


0-42 


5.8 


6-0 


-0-2 


i6 


0-67 


3-3 


o-o 


+ 3-3 


17 


0-16 


8-4 


8-5 


-O-I 


i8 


0-39 


6-1 


7-5 


-1-4 


19 


0-04 


9-6 


100 


-0-4 


20 


0-17 


8-3 


6-2 


+ 2-1 


21 


0.55 


4-5 


4-5 


O-O 


22 


065 


3-5 


I-O 


+ 2-5 


23 


0.55 


4-5 


4-7 


-0-2 


24 


0-83 


1-7 


5*3 


-0-6 


25 


0-29 


7-1 


8-5 


-1-4 


26 


o-oo 


lO-O 


lO-O 


o-o 


27 


o-oo 


1 0-0 


I o-o 


o-o 


28 


0-13 


8-7 


92 


-0.5 


29 


o-6i 


3-9 


5-3 


-1-4 


30 


075 


2-5 


5-7 


-3-2 


31 


0.63 


Z-7 


4-5 


-08 






Mean 


• • • 


-O-I 
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K we divide the days in Table IX. into two groups, combining in or 
group the values of sunshine less than the average (0*36), and in tl 
other group the values greater than the average, we find that on 15 da^ 
with mean proportion of sunshine = O'll, corresponding to inferrc 
amount of cloud = 8*9, the mean observed amount was also 8*9 ; and c 
16 days with mean proportion of sunshine = 0*59, corresponding 1 
inferred amount of cloud = 4*1, the mean observed amount was 4 "3. 

The cloud and sunshine results in May 1889 are thus complementar 
both for small and large values of sunshine. But probably every summ( 
month would not give so close an agreement. No such comparison 
possible in winter, little sunshine being on occasions registered whe 
there may be considerable clear sky. 

It may be interesting to express definitely the relation between th 
cloud and sunshine records, as given by the results for the period 187' 
1891. Calling the proportion of sunshine = S, and the amount of clou 
= C, we have C = 10(l -Sx factor). The factors for the different montli 

founded on the numbers of Table VI., equal in each month to zll 
are : — ^ 



January . 


2-48 


May 


0.97 


September 


m8 


February 


1.63 


June 


096 


October . 


1-38 


March . 


1-22 


July . 


092 


November 


1-86 


April 


1-03 


August . 


0-98 


December 


3-05 



The factors from April to August differ little from unity. That fc 
December, 3*05, well represents our estimation of this month as one ( 
the most gloomy of the year. In the early and late portions of the yea 
the factor can only be considered as applying to about the middle of tl 
month. 

It would be interesting to ascertain in what respect the relatio 
between cloud and sunshine is different in tropical regions. As I ws 
about completing this paper, I happened to receive the results of tl 
meteorological observations made at the Mauritius Observatory durin 
the year 1894. The observations of a single year, even in the tropic 
are not suflficient to give normal values, but the main features of tl 
relation can be ascertained. The conditions are quite different from thos 
existing in our latitude. The meridian altitude of the sun at Greenwic 
varies from 16° in December to 62° in June; at the Mauritius it vari( 
from 47° above the northern horizon in June to 87° above the southei 
horizon in December, that is, in the Mauritius summer the sun comes 1 
the meridian on the south side of the zenith, Mauritius being situate 
within the southern tropic. Thus the meridian altitude of the sun i 
Greenwich is never, in any month, above 62°, whilst at Mauritius it 
never below 47°. Comparing together the results for the two extren 
yearly positions at the two places, taking the average of the three montl 
of November, December, and January, and of the three months of Ma; 
June, and July, the mean values of cloud at Mauritius are found to I 
6'23 and 5*07 respectively, and of proportion of sunshine 0*597 an 
0*657 respectively. Using these numbers for Mauritius, and corresponc 
ing numbers deduced from Table VI. for Greenwich, the factors in tl 
formula C= 10(l-Sx factor) are found to be as follows : — 
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Greenwich — 15 years. Mauritius — i year. 

Mean Altitude Mean Altitude 

Period of Year. Mean Factor. of Sun Mean Factor. of Sun 



November 
December 
January 

May 
June . 
July . 



} 



at Noon. at Noon. 

2-34 18** 0.63 90** 

0.95 60** 075 49** 



The diflference between the two values of the factor at Mauritius, 
aL'^Hiough small, is real, since the separate monthly values show distinctly 
an. annual variation. At both Greenwich and the Mauritius the factor 
d^csreases with increase of altitude of the sun, and furtner, the com- 
psiJTatively small decrease at the high altitudes of the Mauritius seems to 
b^^fiu* out what was indicated by the Greenwich results, that at the higher 
altiitudes the factor had nearly reached the limit of change. It will be 
rexnarked that, for a given altitude, the factor is evidently much smaller 
afc [Mauritius than at Greenwich. For instance at altitude 60° at Green- 
wich the factor is 0*95, and it is easy to see that for the same altitude at 
lifl]fifcuritius the factor would be less than 0*75. But this is quite what might 
b^ expected. At Mauritius the altitude of the sun more rapidly increases 
afticr rising, and more rapidly decreases towards sunset, than at Green- 
wTLch, owing to the greater inclination of the sun's path towards the 
horizon at the latter place, in consequence of which, in variable conditions 
o£ the sky, the sun would be for a much shorter time entangled with 
cloud in the morning and evening at Mauritius than at Greenwich. It 
» also probable, as regards Greenwich, that the apparent check in the 
decrease in the value of the factor in summer (see the values from April 
to August) is, to some extent, due to the circumstance that the decrease 
^^©comes retarded because of the greater inclination of the sun's path 
^^'^ards the horizon in summer than in spring or autumn, which causes 
the sun to be somewhat longer in reaching a definite altitude in summer 
than in spring or autumn, tending thus to reduce somewhat the summer 
^^ttshine. The corresponding local effect at the Mauritius would be 
^Uch less pronounced. 

The foregoing comparison of cloud and sunshine results may by some 

^ Considered to be fanciful, but it is perhaps interesting as illustrating 

he nature of the relation that exists between them at different parts 

^ tlxe year, and at different places, as influenced mainly by the altitude of 

. ^ ^un. The relations actually worked out have little practical value, 

^\*io^ cloud and sunshine must each be independently determined by 

r^^*^C5t observation. Besides which, the relations are such as apply only 

^ ^Vie place of observation, or to a place in the same latitude, having also 

ly similar meteorological conditions. 



DISCUSSION. 



^^ ^ *Xhb Pbesidbnt (Mr. E. Mawley) said that much praise was due to Mr. 

^^^1^^^ for his communication. Papers of this kind were most valuable, as the 

e of the observations had been made at the same place, on an uniform 

m, and extended over a considerable number of years. Of all non- 

ental observations — those which depend in a great measure upon the 
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judgment of the observer — none were, in his opinion, as reliable as those havim 
reference to the amount of cloud. He was rather surprised to find that tL 
effects of the increase of London smoke were not to be traced in the mean 
given in Table III. On the contrary, according to the results there given, th 
sky was rather less obscured during the second half of the fifty years than h 
the first Not only was this the case in the summer months, but also during 
the three dullest months of the year as well. 

Mr. F. C. Batard said that the diagram showing the curve for the meai 
amount of cloud on each day of the year would be much more interesting if . 
line were drawn to show the mean amount in each month, for the purposes a 
comparison. He could hardly understand how the factors were obtained. Aa 
explanation of this point by Mr. Ellis would, he thought, be valuable ana 
instructive. 

Mr. R. Inwards inquired if records of hourly variation of sunshine an* 
cloud were obtainable. With regard to the decrease of cloud with the sun" 
altitude, did Mr. Ellis think it really a decrease, or merely the facility wiil 
which the more vertical rays penetrated the layers of cloud ? 

Mr. G. J. Stmons thought that there was such an amount of work in th 
paper that it would have been better if it had come before the Society in tw- 
separate papers : (1) On the Mean Amount of Cloud, and (2) On the Relatioi 
between Records of Cloud and of Sunshine. In 1850 Mr. Glaisher publishefl 
" Diurnal Range Tables " for converting observations to mean daily values, ana 
they were still largely in use. It would be interesting to know how far the; 
agree with Mr. Ellis's results. In the winter season, when for sixteen hours ou. 
of the twenty-four the sun was below the horizon, the lines on Fig. 3 were ver; 
divergent, but in the summer months they ran fairly well together. Perhap- 
the explanation of this was that, in the summer, two-thirds of the observation, 
were made while the sun was above the horizon, and the periods were moi« 
nearly synchronous. 

Mr. R. H. Curtis said that he had drawn a generalised curve over Mr 
Ellis's curve of mean daily amounts of cloud, and also over that of five-da; 
means, and these generalised curves were almost identical in the two cases. Hi 
had ^o plotted upon the five-day curve (Fig. 2) a curve showing the meai 
amount of sunshine recorded at Kew Observatory for each month during thi 
ten years 1881-90, expressed ^ a percentage of the greatest possible amounts 
the values being those he had used for his paper on the " Diurnal Variation o< 
Sunshine," read before the Society last June. The curve formed by these mean, 
has almost the exact complement of the generalised curve of mean cloudiness— 
a decrease in the percentage of sunshine, as in June and July, corresponding U 
an increase in the amount of cloud in these months, and an increase in sunshine 
as in August, accompanying a marked decrease in cloud. But there was cm 
important exception in September, which was shown by Mr. EUis to be the leas* 
cloudy month of the year, although the amount of sunshine fell to almost thi 
same percentage as in April, which was apparently a much more cloudy period 
With reference to the daily means of cloud he thought it imsafe, with such i 
variable element, to attach very great weight to means for such short periods 
and the more so as the means were based on but a few observations per diem 
Under such conditions it was inevitable but that great variations should be showi 
in the means, and he thought ^it would be unsafe to regard them as indicating 
the true variation from day to day. This conclusion was, he thought, bom< 
out by the great smoothing down which the fluctuations underwent when th< 
slightly longer period of five days was dealt with. 

Mr. F. J. Brodie was of opinion that scarcely enough stress had been laid or 
the fact that the record of sunshine given by the Campbell-Stokes instrumenl 
was one of brigkt sunshine only, and that in the winter time it was quite possible 
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for 81 day to be perfectly cloudless without any record being shown on the card. 
The fact doubUess accounted in a large measure for the discrepancies shown 
liet'ween the amount of cloud and the duration of bright sunshine at a time of 
year when the sun is at a low altituda At such seasons the sun's rays were too 
feel>le to pierce the mists which so often hang about, more particularly in the 
neighbourhood of London. 

Mr. R. H. Scott inquired whether Mr. Ellis knew if the Pickering Pole Star 
recorder, for the determination of the amount of cloud at night, was in use at 
any meteorological station in the British Isles. 

Mr. W. Ellis said, in regard to the hourly variation of cloud, that no 
obeervationfi which could be usefully employed for determining hourly varia- 
tions had been made at Greenwich since those taken every two hours, day and 
night, during the years 1841 to 1847, the mean results of which for each 
month of .the year are to be found in his address to the Society, Quarterly 
Jaumal^ vol. xiv. p. 195. Mr. Qlaisher's diurnal range table, which he 
(Mr. Ellis) had not seen, was probably founded on the same series of observa- 
tions, and there are no other observations available for making a complete 
determination of the hourly variation of cloud. The hourly variation of sun- 
shine he had dealt with in papers in the Quarterly Journal, voL iii. p. 464, 
and. voL vi p. 128, as also had Mr. Curtis in his paper in voL xxi. p. 216. 
Tliere is a decrease of cloud with the monthly increase of the sun's altitude, as 
summer is approached, which is a seasonal effect, but in the diurnal variation 
there is at all times of the year, excepting mid- winter, a somewhat greater amount 
of doud by day than at night, the maximum amount occurring towards mid- 
^y. Respecting the factors for inferring the amount of cloud from the observed 
proportion of sunshine, a modification of the sentence in which the factors are 
spoken of would be made, so as better to show how they are obtained. It has 
l^een remarked, as probably explaining the divergence of the curves in Fig. 3 in 
''Winter, that the sun being at this period of the year for so short a time above 
^e horizon, the observations of cloud and sunshine were probably not suffi- 
ciently synchronous. Such a view might be taken if we were considering 
iix<lividual days or short periods of time, but not when observations are dealt 
^th in the masa Employing the table showing the diurnal variation of cloud, 
hefore spoken of. Quarterly Journal, voL xiv., and forming the mean value of 
cloud for the period comprising the months of November, December, and 
January, during which the divergence of the curves in Fig. 3 is greatest, and 
including only the hours of 9, 11, 13, and 15 of civil time, that is, those from 
d a.m. to 3 p.m., which represent the winter solar day, the mean amount of 
cloud is found to be 7*55, that for the same three-monthly period, including 
*^ the two-hourly observations, being 7*43, differing only by about the one- 
^tieth part: indicating that the effect of the cloud observations extending, 
itt Tonter, over a relatively longer interval than the sunshine record, would 
^ot perceptibly alter the winter relation of the two curves of Fig. 3. It is to 
^ understood that the sunshine is throughout the percentage of the possible 
^ount It may be also mentioned that in the Greenwich annual volumes it 
^ distinctly stated that the register is that of " bright sunshine," which is that 
^^^y beneficial to animal and vegetable life. He demurred to the statement 
*«at SL day may be perfectly cloudless without any record being shown on the 
^^^ In such condition of sky (excepting very near to sunrise or sunset) surely 
^^ Biin cannot but register. There are days, not exclusively in winter, on 
J^uicli the sun will be visible through haze or mist without producing register, 
"^t tliis state of sky cannot be said to be perfectly cloudless. Further, it 
'^PpeaLXB that sunshine may be registered as near to the horizon in winter as at 
. ^** ports of the year, as he had pointed out at p. 133 of his paper in vol. 
^ ^^ the Qua/rUrVy Journal, There appears, indeed, not to be such difference 
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in the sun's power but that, with a clear sky, register becomes effective at 
parts of the year (always excepting when near the horizon). In a partia 
cloudy state of the sky, however, so often the prevailing condition, the cl 
sky becomes more obstructed towards the horizon than towards the zeni 
causing the sunshine register to be relatively interfered with to a greater ext 
in winter than at other times, as indicated in Tables VI. and VII. and Fig. 
Mr. Curtis spoke of having compared a generalised curve of Greenwich clc 
with values of Eew sunshine as used by him for constructing the sunsh 
curves given in his paper before noticed, but Mr. Ellis not having seen 
generalised curve, and not knowing the Eew values, could offer no rema 
thereon. He had always regretted that Mr. Curtis's paper did not include ii 
tabular shape the complete numerical values of Kew sunshine, since the t 
yearly means would probably not have occupied much space. In regard to i 
comparison made, Mr. Ellis thought it scarcely satisfieu;tory to compare togetl 
Greenwich cloud and Kew sunshine, or even to compare at all Greenwich s 
Kew results founded on different series of years. As to the irregularities 
Table I., he did not suppose that any one would consider them as other tl 
mainly of accidental character. The paper itself states that many years' obser 
tions will evidently be necessary to eliminate irregularities presumably acciden 
His use of the numbers in Table II. may have produced an impression t 
undue importance was attached to them, but it was simply that he thou] 
that, as they stood, the numbers might still be used to compare the relat 
irregularities of different parts of the year. The question of more or fei 
daily observations of cloud, although it would have influence in short peric 
would not much affect the daily irregularities of fifty years' means : it i 
longer series of years that is mainly required. In reply to Mr. Scott, he < 
not know of any instance in which the Pickering Pole Star recorder had b< 
used in the British Isles, that is, for the systematic observation of cloud 
night 



ATMOSPHERIC DUST OBSERVATIONS FROM VARIOUS 

PARTS OF THE WORLD. 

By E. D. FRIDLANDER, B.Sc 

[Read Aprill5, 1896.] 

In the following account of some observations of the amount of dust 
the atmosphere made at various places during a voyage round the woi 
I can only add a few small items to the knowledge we already have uj 
the subject; and though certain of the results give for the first ti 
some information respecting the distribution of dust on the open oce 
and in mountain regions at altitudes of from 6000 to more than 13,( 
feet, they yet form in the main an independent confirmation of some 
the conclusions arrived at by Mr. Aitken in 1889 (vide Proceedings Be 
Society^ Edinburgh, vol. xvii.). 

All the experiments were made with a form of Mr. Aitken's Poo 
Dust Counter, and for the sake of those who are not acquainted with 
I will give a brief description of the instrument and the method 
its use. 

The dust counter consists essentially of a chamber into which 
can be introduced, saturated with water vapour, then slightly s 
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quickly cooled. Owing to the fall of temperature condensation of vapour 
takes place on the dust nuclei, which then fall on to a micrometer plate 
at the bottom of the chamber, where they are rendered easily visible for 
counting by the water layer which coats them. 

The receiver of the pocket counter is a metal cylinder 1 centimeter 
deep and 3 centimeters in diameter, provided with a small pump, which 
serves the double purpose of cooling the air by sudden expansion, and 
of letting into the receiver a known proportion of the air to be 
tested. 

The upper end of the cylinder (held vertically during an experiment) 
is permanently closed by a glass plate, through which the drops are 
\'iewed with a lens as they lie on the micrometer plate, which screws 
air-tight into the bottom of the cylinder. 

When making a test, the dust initially in the air of the receiver is 
precipitated by a series of alternate expansions and condensations of the 
contained air on to the lower plate, where, the water being evaporated 
from it by the warmth of a finger held below the micrometer, it remains 
invisible, and produces no error in the subsequent counting of drops. 
(That this is true may be proved by freeing the air of dust, allowing the 
instrument to stand awhile, and then repeating the pumping, when it 
will be found that the water does not again condense on the nuclei that 
have fallen on the lower plate.) 

A known proportion of this dustless air is then removed from the 
receiver by means of the pump, its place taken by the same amount 
of the air to be tested, and after the contents of the receiver have been 
mixed with a small stirrer, the dust is again made to fall as before, 
though this time one counts the number of drops that lie on 4 sq. mm. 
of the micrometer plate. 

Supposing the distribution of the drops to be uniform, this number, 
which by suitable dilution of the air can be made to lie between 8 and 
20, gives easily the quantity of dust per sq. centimeter that has fallen 
from a layer 1 cm. thick, i.e. the number of particles per cubic centi- 
meter of the mixture in the receiver. Knowing the proportion of 
polluted to pure air in the cylinder, we have at once the amount of dust 
per cubic centimeter of the former. 

There are many details connected with the instrument and \ its 
working which cannot be entered into here, and of which a full account 
will be found in a paper by Mr. Aitken in the Proceedings of the Royal 
Society of Edinburgh for 1890-91. 

As an example of the working of the counter we may take the 
following case. It was found in one experiment that when the propor- 
tion of pure to polluted air was 9 to 1, that the number of drops on 
4 sq. nmL was 10. 

The number of particles per cc. of the mixture is here 250, and 
therefore the number per cc of the undiluted air was 2500. 

The observations below fall into two groups — firstly, those made in 
various parts of the world mostly on the ocean, and between July 1894 
and Mt^h 1895 ; secondly, those made in Switzerland from June to 
September 1895. 

The positions at which the ocean observations were made were, in 
the Atlantic set, only very roughly calculated from the ship's log ; but 
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in those taken on the Pacific and other oceans, either they were made i 
or near to noon, or the approximate position of the vessel at the time ( 
experiment was found for me by the navigating officer. It only remaii 
to mention here, before proceeding to a general examination of th 
results which are tabulated at the end of this paper, that when crossin 
the Atlantic I was a mere novice in the use of the instrument, that bi 
few external conditions were noted at this time, and that these resull 
are probably affected with error (in some cases from local pollution), hv 
I have still thought the figures sufficiently near the truth to be wort 
retaining. 

On glancing over the figures below it will be noticed that there ai 
differences, often large, between the results of the individual experiment 
of a given set, not only when, as on board ship, one's place of observatio 
is continually moving, but also when all the experiments are made a 
the same station; and one is led to inquire how far these difference 
may be due to errors of observation, and how far to natural irregularit 
in the distribution of dust. 

Now supposing that the temperature of the top and bottom of th 
chamber, and the saturation of the air it contains, are such as not t 
cause so rapid an evaporation of drops as to render their counting in 
possible, and that the illumination of the micrometer plate is good, s 
that all the drops to be counted can be clearly seen, then the princip 
source of error remaining lies in the leakage of outside air into tl 
receiver, either by slipping past the piston of the pump during working, c 
by its being forced in during an expansion at the possibly imperfect joii 
of the lower counting plate. 

But it will be remembered that before actually making a test, the a 
originally in the receiver is alternately expanded and condensed, until d 
more precipitation can be produced, a condition which evidently cannot I 
brought about if there be any leakage, as the dust introduced with tl 
leaking air would cause a shower of drops at every downstroke of tl 
piston. The mere fact, then, of our being able to make the air initial! 
in the chamber dustless, renders the probability of leakage occurriii 
during a test very small 

There is usually some irregularity in the distribution of drops on tl 
counting plate, partly produced by the imperfect mixing of the tin 
portions of air in the receiver, and partly perhaps by the small distiu* 
ing currents set up upon expansion. By rejecting, however, tho< 
observations in which the drops are obviously scattered on the micr 
meter very unevenly, the corresponding en'or may be made very smal 
We conclude, then, that the discrepancies mentioned above are main) 
due to irregularities in the distribution of dust. 

It will be seen from these experiments that not only does dust occu 
as Mr. Aitken's work has shown, in the air of inhabited countries ov 
the water surfaces immediately adjoining them, and up to an altitude 
some 6000 or 7000 feet amongst the Alps of Switzerland, but it is four 
on the open ocean, and so far away from any land as to precluc 
the possibility of artificial pollution, and its existence has been direct 
demonstrated at a height of more than 13,000 feet. 

Before considering some of the effects produced by dust in our atm 
sphere, it is desirable to examine what little information these and oth 
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results furnish as to what may be the distribution and origin of dust in 
Nature, apart from those disturbing influences introduced by man. 

Apart from the direct demonstration given by Mr. Aitken's experi- 
ments, and some of these quoted below of the large extent to which the 
atmosphere of the earth is polluted by artificial causes, it is evident that 
in and near to all centres of population the natural distribution of dust 
must be greatly modified ; and indeed when one comes to see not only 
the amount of the pollution, but also the wide region over which it may 
be carried, one cannot help speculating as to whether any reliable 
information on the natural distribution of dust can be gathered, save 
from observations made either on those parts of large land areas far 
removed from all habitations, or from those made upon the open 
ocean. 

Some idea of the amount of artificial pollution in a special case, and 
of the extent to which it may spread, can be gathered from Experiments 
18 to 32 below, where it will be seen that while the average number of 
dust particles per cc. of air on the Pacific Ocean from October 30th to 
November 6th inclusive was 540 (the averages for the different days 
varying from 245 to 800), on November 7th, at about 350 miles from 
Auckkmd, the number rose to 1229, and that on November 8th, when 
about 15 miles from the Great Barrier Island, it was 1972, while the 
average of the too few observations taken in the North Island of New 
Zealand gives the value 1205. 

The average dustiness of the Pacific air taken from all the observations 
but the two last above mentioned was 613, and that of the North Island 
of New Zealand, together with the polluted area outside of it, 1336. 
This difference would probably be much more marked were it not for the 
fact that the North Island is sparsely populated. 

Even high mountains, unless rising from practically uninhabited 
regions, hardly afford satisfactory stations for these observations, as one 
can never be quite sure how far one's results are influenced by polluted 
air carried up from below. Mr. Aitken, working on the Rigi and else- 
where, has given many examples of the carriage of polluted air up 
mountains, and further evidence of the great height to which this may 
extend is found in several of the results below. Thus turning to Experi- 
ment 46 made on La Paraz, the highest point of the ridge forming the 
northern wall of the Valine des Ormonts, Switzerland, we find that the 
average dustiness of the air here at an altitude of 8360 feet was 2062 ; 
while the next day's observations in the valley 4400 feet below, taken 
under somewhat similar conditions, and quite away from the direct stream 
of polluted air from the village of Ormonts Dessus, gave the dustiness as 
1958. The high value for the number of particles per cc. on the summit 
was probably due to the carriage of air from the " commune " below up 
the face of the ridge by the Southerly wind which was blowing across 
the valley at the time the experiments were made. 

Again, it is difiBcult to imagine that the rather high number 1666 
representing the dustiness on the summit of the Oldenhom, 10,250 feet 
in altitude, and rather more than 6000 feet above the Valine des 
Ormonts, was not partly due to the mixing of impure lower air with the 
higher layers of greater purity, by the Westerly wind traversing the 
vadUey lengthwise from the village towards the mountain. 



• • 



188 



FRIDLANDER— ATMOSPHERIC DUST OBSERVATIONS 




With regard to the variation of atmospheric dustiness with altitude, 
owing to the many ways in which the vertical distribution may be affected 
by artificial and natural causes, and to the scarcity of data, one can hardly 
say more than that in a calm atmosphere the quantity of dust per cc. in 
general diminishes as one ascends; and experiments made under nearly 
the same external conditions, but at different places, give such widely 
different results, not only for the dustiness at a stated altitude, but for its 
rate of change with variation of level, that it would seem hardly possible 
to arrive at any definite conclusions on this point. 

At the Diablerets, for instance, at altitudes of 6000 and 5000 feeti^'^t 
respectively, the amounts of dust per cc. were 2458 and 2937 ; but a 
Zinal, while the dustiness at 8200 feet was 481, that at 6700 feet 
950, giving a difference of 469 particles per cc. for a rise of 1500 feet, 
as compared with a change of 479 particles per 1000 feet in the forme 
case. 

The only set of tests given below in any way satisfactory in thi 




respect is that of September 4th made on the Bieshorn, and though an; 
attempt to formulate a general law for the vertical distribution of dust i 
a calm atmosphere from the result of a single day's observations in oni 
region would be premature, it is still of interest to see to what 
observations tend. The reasons for choosing the Bieshorn were that i 
position, height, and simplicity of ascent, render it very suitable for sue 
observations. The first test was made shortly after reaching the summi 
of the mountain at 10.20 a.m., and the rest at various points on th 
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descent. The Bieshorn forms part of the chain containing the Rothhomc^Br-rm 
and Weisshorn, rising about 9000 feet above the Zermatt Valley on it^i-::^ ^ 
east, and some 8000 feet from that of Zinal on the west. Northwards^^^ ^^ 
and some 2500 feet below its summit, lies a large covered glacier, whil^^i^® 
in a south-westerly direction stretches a region many miles in extent o 
snow-capped peaks and glaciers. 

The result of the day's work summed up in the following table 
represented by the curves accompanying it^ whose ordinates are propor- 
tional to the amount of dust per cc. at altitudes denoted by the 
sponding abscissae. In the curve marked (2) allowance is made for the 
variation in the density of the air between the different points of obsei^^ 
vation. (These curves are not reproduced.) 

It must be mentioned that the first two points on the curves represenr 
the results of two experiments made on the day previous to that of th» 
Bieshorn observations, and though these are not strictly comparable witE". 
the five remaining ones, their use is somewhat justified by the fact 
they were made on the Bieshorn route from Zinal, and under nearly t 
same external conditions as those of the latter. 
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Height above sea-level 


6,700 feet 


8,200 




8,400 




10,665 




11,000 




13,200 




13,600 





No. of particles per cc 

950 
480 
513 
406 
267 
219 
157 
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The abrupt change of vahie from 257 particles per cc. at the third to 
[06 at the fourth station where the difference of level was only 335 feet, 
an be accounted for by the imperfect mixing of upper and lower strata 
•f air due to the form of the mountain at this part. The glacier sloped 
way very gently from the third to the fourth station, which latter was 
•n the edge of a wall of loose rock running steeply down to a plateau 
ome 2200 feet below, and over this edge the warm air from below blew 
a irregular gusts. Though the results seem to indicate, as will be seen 
rom the curves, not only an increase in the amount of dust as one descends 
O'wards the valleys, but that the rate of change of dustiness with altitude 
•ecomes less as we ascend, the data are far too scanty to allow one to 
ssume that this latter relation is generally true. 

Some surprise may perhaps be felt at the relatively high value obtained 
or the number of dust particles per cc. at the top of the mountain, which 
aay be partially explained, however, by the fact that the season in which 
hese Swiss observations were made was a very hot and dry one, that 
here had been no rain for some days previous to that on which the tests 
^-ere made, and that there was practically no wind at the time. 

Turning now to the observations made on the Pacific and Indian 
)ceans, one is at once struck with the general purity of the air, especially 
Q the latter of these two regions where the average number of dust 
^articles per cc. for seven out of nine days was less than 500, and on 
ive of these less than 400. 

Much lower values than' these have been obtained by Mr. Aitken at 
Singairloch in the West Highlands, though almost invariably under 
londitions of rain, fog, and passing showers of mist, conditions which ex- 
>eriment proves to exercise a great purifying effect upon the atmosphere, 
ivhereas these ocean observations were taken for the most part in weather 
^Im and fine, where no such obvious purifying agents were at work. 

There is also a tolerable uniformity in the results obtained on 
luccessive days, especially marked on the Indian Ocean (side by side with 
ihe general uniformity of external conditions which characterised the 
iToyage from Australia), and also noticeable in a less degree in the results 
Tom the Pacific, where the weather was on the whole not quite so 
iniform in character. 

In illustration of the purifying effects in regard to dust brought 
ibout by rain and fog, we may turn to Experiments 36, 37, etc. Thus 
the lowest value 210 was found on the Indian Ocean after much rain. 
[n Experiment 36 in the same region, we see that whereas at 10.30 a.m. 
the number of nuclei per cc. was 331, at 11.0 a.m. after a shower the 
number had fallen to 280. 

Comparing the results of Experiments 37 and 38, the number obtained 
in the former of these in fine weather was 280, and from the latter, after 
much rain, 210. 

Again, from the experiments of October 24th and 25th on the Pacific, 
we see that whereas the average dustiness on the former of these days 
was 529, on the latter, a showery day, it was 303. 

Many tests made on the Atlantic, at Santa Cruz on the eastern 
margin of the Pacific, and in the Mediterranean off the island of Crete, 
give evidence of the clearing effects produced by fog. The results of the 
tests in the first of these regions are summarised as follows : — 
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No. of particles per cc. Condition of air. 

2000 Foggy at intervals. 

3000 Thick fog. 

420 Half hour after clearing of fog. 

3120 Thick fog. 

280 Clear region just beyond fog. 

1550 Region farther out of fog. 

Near the island of Crete, and within the belt of fog surroundir 
the dustiness was 2500, while as the outer limit of haze was neared 
number of particles per cc. fell to 1125. 

Further examples yet of the manner in which the atmosphere mj 
cleansed of dust by natural means are at hand in the experiments oi 
Kiffelberg, where comparison of the values recorded on July 4th, 6thj 
7th shows a gradual diminution in the amount of dust after sleet 
rain on the nights of the 5th and 6th, whereas there had been no 
for four days previously to July 4th. 

As to the precise nature of the dust found over the ocean, little 
can be said but that there seems to be some reason for supposii 
largely to consist of particles of salt produced by the evaporation o 
water from fine spray. How largely the air may become charged 
dust of this kind at the sea margin, even when there is little more 
a ripple breaking on the shore, has been shown by Mr. Aitken's en 
ments at Ballantrae, and one would naturally suppose that this n 
facture of dust also goes on at sea whenever spray formation takes 
there. Now we know that rain in falling washes out more or less o 
dusty impurities of the air, and if, therefore, sea air be largely charged 
particles of salt, one would expect to find the amount of chlorine in < 
rain large as compared with that in rain which falls on inland distri( 

I have been unable to find any analyses of rain water collected oi 
ocean, but on comparing those made in the London Basin, and or 
west and extreme south-west coast of England, it appears that wh 
in the London rain water the amount of chlorine (chiefly in combin 
with sodium) is 0*12 per 100,000 parts, the proportion in rain fallii 
the west coast ^ is 5*46, and in some collected from "the landward 
of the Land's End Hotel " it has been found to be 21*8.2 

It is just possible that a small part of the chlorine which exi« 
coast rain may be due to the washing out by it from the air of s 
particles generated by waves beating on the shore near the pla< 
observation. But at the time when the tests were made on the P 
and Indian Oceans, almost continuous fine weather with smooth sea 
vailed. This was especially the case in the latter region, where for 
days the sea was completely calm. The dust observations, more 
when any wind at all was blowing, were taken upon the windward 
of the vessel at the bow, so that the spray produced by the motion o 
ship could not interfere with the results. 

Hence, if sea-dust consist in great measure of salt particles, 
must be of such extreme fineness as to remain suspended in the air, 
in calm weather, for many days after their formation. There are cert 

^ Water Supply of England and Wales, (E. de Ranee. ) 
* Sixth Report of Jiivers Commission. 
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two points in connection with these ocean observations which might in 
this manner be partially explained : firstly, the fact that while the average 
dustiness on the Indian Ocean was 512, 613 is the corresponding value 
for the Pacific, where the weather on the whole was not quite so calm, 
and the waves were seen at times tipped with streamers of spray ; and 
secondly, that on the Atlantic, where external conditions were still more 
variable, we find a greater irregularity in the results and the considerably 
larger average of 2053 for the number of grains of dust per cc. It 
seems hardly possible, however, that sea -dust should consist of salt 
entirely, and since it is very improbable that it contains any appreciable 
amount of organic matter, one is led to speculate as to whether the 
remaining part may not be accounted for by supposing it to be partly of 
meteoric and partly of volcanic origin. In support of this last con- 
clusion, attention may be called to Experiment 29 below, where the high 
value of 9470 particles per cc. is recorded from tests taken on the shore 
of Lake Taupo, New Zealand, and in the direct line of the smoky air 
blowing from the active Ngauruhoe more than fifty miles away. 

It is interesting to note here that the Atlantic observations, indicating 
the existence of rather larger quantities of dust than one would have 
expected, were made during what appears from the North Atlantic Pilot 
Charts for 1894 to have been the period of maximum fog for that year. 

Dust and Transparency. 

Passing on to some of the effects produced by dust in our atmosphere, 
and considering firstly the part played by it in relation to the transparency 
of the air, it is only necessary to indicate here how far these results below 
point to conclusions with regard to " Alpine haze,'' similar to those arrived 
at by Mr. Aitken as the outcome of his far completer work in this domain. 

All the Swiss observations were made when there was more or less of 
the bluish " Alpine haze," with the exception perhaps of one set. No. 48 
on the Riffelalp, where, side by side with a low value for the amount of 
dust per cc., was an extreme clearness of air noticed not only by myself, 
but by other independent and quite disinterested observers. 

The accompanjdng table shows the amount of dust found upon certain 
occasions, together with the state of the atmosphere at the time. 

Condition of air. 

Extremely thin bluish haze. 
Much about the same. 
Faint blue haze. 
Air clear after a day's rain. 
Air very clear. 
Air not so clear. 
Air distinctly hazy. 
Air much clearer than on any 
previous occasion. 

The relation appears to be of this nature, that whereas when the air 
seemed unusually free from haze, there was but little dust in it, at other 
times of less transparency, though there might be some rough proportion- 
ality between the dustiness and amount of haze, it was by no means 
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2130 
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875 
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3375 
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found that an increased haze effect always corresponded to a larg^ 
amount of dust. This points to the importance of another factor in ha^ 
formation, which the experiments of Mr. Aitken have proved to consia 
in the water coating of the nuclei. 

The value of the results quoted below is much lessened by absence cz 
any information as to the hygrometric state of the air, which it wai 
impossible to obtain ; but I can hardly doubt that had a record be^ 
made of humidity, together with that of the amount of dust on thes 
occasions, that this high "Alpine haze" would have proved differea 
from that of lower regions, to which the work of Mr. Aitken specially 
relates, only in the size of its particles, and to consist like it of nuclei cz 
dust covered with a variable amount of water. 

In close connection with these dust observations are a few facS 
which it has been thought worth while to bring together here, as perhap: 
throwing some little additional light upon those absorption phenome 
exhibited by our atmosphere in relation to solar radiation, ue, the bl 
colour of the sky, the ultra-violet absorption in the spectrum of the 
and the possible influence of the dust in the atmosphere upon ifl 
diathermancy. 

(1) "Alpine haze" is of a faint sky-blue colour, and probably com 
sists of particles of dust with a small amount of water condensed upoai 
them. 

(2) The air resting over the ocean has proved to be very pure upoai 
all occasions when observations have been made, and there is sorca 
reason for supposing that the amount of dust per cc. diminishes witz 
increase of height above the surface, as is found to be the case S 
mountain regions, so that the body of air through which the sun's ra^ 
travel to us here at rising and setting is relatively very free from dust ; aiw 
in harmony with this it was observed on the Pacific and Indian Ocear: 
that there was a marked absence of red and orange colour effects ^ 
sunset. 

(3) One of the only two evenings on which any noticeably brilliacr 
colour effects were remarked during a period of two and a half months C 
New Zealand, was that previous to the morning of the 6th of December 
when the air was found to be very largely charged with nuclei, and thi 
dustiness was fifteen times greater than its average value on thi 
Pacific. 

(4) Langley has shown by experiments on Mount Whitney that ths 
lower layers of the atmosphere absorb the blue rays from the direc 
light of the sun much more rapidly than do the upper (and less dusty 
strata. 

It seems not unlikely that the reason why sunburn, an effect lilr 
that produced by exposure to a naked arc light, probably due to th^ 
influence of radiation of short wave length upon the skin, is more readily 
acquired on mountains than in the lowlands, is to be found in the 
relatively small dustiness of the air in the former of these regions. 

With regard to the rapid absorption of the ultra-violet region of the 
solar spectrum, the suggestion that it might possibly be due to a lateral 
scattering of waves of small length by foreign matter floating in the air 
was made for the first time, I believe, by Lord Eayleigh in 1871. In a 
paper in the Fhilosq)hical Magazine of that year, he says (referring to the 
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scattering of light by small particles) : " I cannot but think that this 
rapid diversion of the rays of short wave length has a good deal to do 
with the absence of light of the highest refrangibility from the direct 
rays of the sun." 

But in the summer of 1879 a series of experiments on the limit of 
the sun's spectrum in the ultra-violet was made in Switzerland by 
Comu,^ from the results of which he concluded that (for reasons given 
l)elow) this effect could not be attributed, save in very small measure, to 
the action of atmospheric dust. Now I would venture to show that in 
order to arrive at this conclusion, an assumption was made with regard 
to the distribution of dust which recent experiment seems to render 
inadmissible, and that in consequence M. Comu's objection to dust as a 
possible cause of more than a very small part of the absorption pheno- 
menon in question ceases to be valid. 

Without entering here into details, it need only be said that M. 
Comu found, as the result of his observations, that the minimum wave 
length visible in the ultra-violet region increased by 1 mm. for an increase 
of altitude of 868 metres, and that in the theoretical consideration of his 
results he arrived at certain formulae, from which by combining his own 
data with those relative to the distribution of various absorbing sub- 
stances in the atmosphere it was possible to calculate roughly what 
change of level would be necessary in these supposed cases to bring 
about the observed variation of 1 mm. With regard to atmospheric dust 
as a cause of the phenomenon in question, he says : '' We know besides 
that dust occurs especially in the lower layers of the atmosphere, dis- 
appearing almost completely at high levels." And again : " One can form 
some idea of the disti'ibution by supposing, for example, that at an 
altitude of 1000 metres there only exists ^th part of the amount of 
dust which obscures the lower regions of the atmosphere.'' On this 
assumption, the change of level necessary to produce the 1 mm. variation 
of wave length comes out to be 48*8 m., making the absorption 20 
times more rapid than it was actually observed to be, from which the 
conclusion is drawn that atmospheric dust plays but a secondary part in 
the absorption of ultra-violet radiation — a conclusion expressed with less 
reservation by M. Mascart in his recent Traits d'Optique in the following 
words : — " II r^ulte de 1^ que (la vapeur d'eau et) la pottssihe n'inter- 
A-iennent pas ici, puisqu'elles sont surtout limit^es aux couches inf^rieures, 
et donneraient lieu k une variation de visibility bien plus rapide." 

Now it may be shown that if we suppose the effect in question to be 
whdly due to the action of dust, the required difference of level of 868 
metres for the 1 mm. change in minimum visible wave length would be 
given by supposing the dustiness of the air within the limiting altitudes 
between which M. Comu's observations were made, to become less in the 
ratio of 8*8 to 10 for a rise of 1000 metres. 

We shall then consider the respective merits of these two alterna- 
tives — firstly, the ratio yV assumed by M. Comu, which gives the 
relative amounts of dust at the stations under consideration as follows : — 

Riffelbei^. Rigi. Vi^. 

1 10 100 

^ Comptes BenditSf vol. Ixxxix. p. 808. 
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secondly, the ratio 8*8 to 10 (required by theory if the whole effect 
due to dust) bringing the relative amounts thus : — 

Riffelberg. Rigi. Vi^e. 

7-7 8-8 10 

In examining what evidence is to be gathered from dust observatio 
as to which of these two alternatives more nearly represents the state 
affairs at the time of M. Cornu's experiments we shall, in the first pLw 
consider briefly the actual amounts of dust at these places, which wou 
probably be entailed by the two assumptions respectively ; and, second] 
what is the average value of this ratio per 1000 metres indicated 1 
some of the results tabulated at the end of this paper. 

It appears from a footnote to M. Cornu's paper that his research w 
carried on at the end of July during one of those weeks of fine weath 
with cloudless sky and Northerly winds, so often occurring after i 
unsettled period at this time of year in the district under consideratio 
Now the dust observations on the Riffelberg were made at a point n 
very far removed from that where M. Cornu worked, in weather 
practically the same character, and within three weeks of the same tin 
of year. At Vi^ge, on the other hand, no dust observations have as y 
been carried out, but those of Mr. Aitken on the Rigi, though unforki 
ately for our present purpose made rather early in the year, and thei 
fore rather less valuable as evidence in this matter than they mig 
otherwise have been, are still of much significance. 

The Average dustiness on the Riffelalp in July 1895, apart fro 
local pollution, was 1522, and assuming this to be not very differe 
from its value under practically the same conditions in July 1879, '^ 
find the actual amount of dust at the observing stations, according 
M. Cornu's ratio, to be as follows : — 

RiflFelberg. Rigi. Vi^e. 

1522 16,200 152,000 

Now the highest value yet recorded on the Rigi is 16,500, an exa 
tional amount of dust probably due, as Mr. Aitken remarks, to the wi 
having blown for some time previously from a very impure regi< 
Again the average of all Mr. Aitken's observations between 1890 a 
1893, when the wind on the Rigi was Northerly, that is from inhabit 
and therefore polluted areas, is 5755, and it appears that only in thi 
places — ^Edinburgh, Paris, and London — have higher values than 150,0 
particles per cc. ever been obtained in the open air. 

Even supposing that at the time when M. Cornu's experiments W( 
in progress on the Riffelberg, the average dustiness there for three o 
secutive days was but a third of its value in July 1895, we still have 1 
high number of 50,000 nuclei per cc. to account for in the neighbo 
hood of Vi6ge. 

Turning now to the value of the ratio per 1000 metres derived in 
some of the tests below (Experiments 50, 51, etc.), we see that none 
them imply nearly so rapid a variation of dustiness with altitude as 
involved in M. Cornu's assumption. Their average is about ^, a ra 
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giving the relative amounts of dust at the different stations as 

fallows : — 

Riffelberg. Rigi. Vifege. 

6-4 8 10 

Aj:i<1 the actual amounts — 



1522 1902 2378 

If, moreover, the value ^ be introduced into M. Comu's equations 
in lieu of his assumed ratio -^, the change of level necessary to produce 
tlie 1 mm. variation in minimum visible wave length comes out to be 520 
metres. 

We therefore conclude from these considerations that though it is 

impossible to say what was actually the value of this ratio in question at 

tlie time of M. Comu's experiments, it probably lay considerably nearer 

8*8 
to that of Y^ required by theory, than to that of -j^ which M. Cornu 

assumed, and that we are therefore still at liberty to regard the absence 
of ultra-violet light from the direct rays of the sun as due in no small 
measure to the action of atmospheric dust. 

Lastly, I would call attention to one more result brought to light by 
S. P. Langley's work on Mount Whitney ; namely, that the lower layers 
of the atmosphere in this region appeared to transmit the rays of long 
wave length as readily as the higher strata, from which it would seem 
likely that the dust in the atmosphere of sparsely inhabited areas, at 
least when it is coated with but a small amount of water, exercises 
comparatively little influence on the diathermancy of the air. 



ATMOSPHERIC DUST OBSERVATIONS. 

Group I. 

Number of Nuclei per cubic 
^ centimetre. 

'•XPKKiMBNT 1. July 17, 1894.— Atlantic, 55° 0' N., 42° 11' 2000. 

W., 10.30-12.30. Temperature 46°. This result 
^ is the average from a large number of tests. 

*^- 2, July 18.— Atlantic, 2.0-4.0 p.m. Sky clear blue ; 4000. 

weather fine ; rain in early part of day ; wind 
ij, light W. Average of several tests. Temp. 42°. 

*^- 3. July 19.— Atlantic, 10.0-11.0 a.m. Thick fog ; very 3000. 
jf little wind. Temp. 44°. 

'^' 4. July 20.— Between Labrador and Newfoundland, 420, 700, 420, 840, 420, 
2.30-3.30 p.m. Vessel sailing at about 15 miles 560, 700, 840, 560, 420, 
per hour. Sky overcast, uniform grey ; wind 560, 560, 420, 840. 
light W.; foggy all morning, clear at time of 
p, experiments. Temp. 49°. 

^^- S. July 21.— Gulf of St. Lawrence, 11.0-12.0 a.m. 

(a) Thick fog. 3500, 2000, 2000, 5000. 

lb) Fog just clearing. 280,280,280. 
Observations taken again after 
lapse of few minutes. (e) Fog quite cleared. 2500. [1625. 

(d) Few minutes later. 1500, 1625, 1750, 1375, 
Summary. — Fog average, 3120 ; clearing average, 200; 
^w beyond fog, 1575. Temp. 60°. 

* €. Sept. 19.— Belmont, Vancouver Island. Afternoon. 1750, 1625, 1750, 1625, 
This was first set taken after the receiver had 1500. 
been cleaned and relined. Counter not working 
^uite satisfactorily ; possibly some error due to 
impact of " stirrer " on wall of receiver. 
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Group I,— Continued, Number of Nuclei per cu 

centimetre. 

Ex. 7. Sept. 21.— Oak Bay, Victoria, V. I., at a point on the 1000, 1000, 1250, 10 

shore about 3 miles from Victoria, and about 1000, 1250, 1000,'ll 

i mile from nearest building. Sky clear blue ; 

wind fresh from land. No error due to * * stirrer. " 
Ex. 8. Sept, 22.— Straits of St. Juan de Fuca, on board 1875, 2000, 1875, 20< 

steamer, 11.45 a.m. Sky cloudless ; air clear ; 2000, 2000. 

wind light S.E. off land. Distance from Victoria 

about 18 miles. 
Ex. 9. Oct, 6.— Santa Cruz, Cal., on spit of rock running 1500, 1500, 1500. 

out into sea about 80 yards from shore. Noon. 

Sky overcast ; air slightly foggy ; wind very 

light, from sea. 
Ex. 10. Oct, 7, — Santa Cruz Bay, Cal. Noon. Six experi- 700. 

ments gave nearly same result. Sky overcast ; 

air far less hazy than yesterday ; wind slight, off 

sea. Air had been foggy nearly all previous day. 
Ex. 11. Oct, 8.— Sante Cruz Bay, Cal., 11.30-12.30. Large 1250, 1000, 1000, L 

amount of blue sky ; air pretty clear, though not 875, 750, 1000, L 

quite so much so as yesterday ; wind fresh S.W. 1000, 1000, 1000. 

off water. There had been a light fog blowing 

over from sea all morning until about 11.30, when 

it cleared 
Ex.12. Oc^. 9.— Santa Cruz Bay, Cal., 10.30-11.0 a.m. Air 1000, 1000, 1000, i: 

fairly clear to windward, though not quite so 1060, 1000. 

mucn so as yesterday ; light fog masses rather 

above the sea-level passing over land at intervals ; 

wind light S.W. from sea. "Whole place as usual 

wrapped in fog earlier this morning. 
Ex. 13. Oct, 9.— San Lorenzo Valley, about 6 miles inland. 2250, 2500, 2000, 2< 

Afternoon. Weather fine, sunny. Experiments 2000, 2000, 2250, 2< 

made on sloping bank of the river. We see that 1750. 

the amount of dust per cc. of air here is roughly 

double what it was at seaside this morning. 
Ex. 14. Oct, 11.— Santa Cruz Bay, Cal., 11.30-12.15. Sky 4500, 4500, 4000, 4< 

cloudless ; air in neighbourhood clear, but Santa 4000, 4500. 

Cruz mountains 13 miles away just hidden. 

Wind light E., right off land. After noon long 

horizontal bands of light smoke-coloured haze 

were noticed hanging over the mountains from 

Santa Cruz southwards towards Monterey. 

Morning fog cleared off earlier than usual. 
N,B, — Ail these Santa Cruz experiments, with 

the exception of the first set, were made at same 

spot, IJ miles from the town, and on a wall of 

rock running out some yards into the sea. 
Ex. 15. Oct, 24.— Pacific Ocean, 24** 51' N., 152'' 40' W., 560, 560, 560, 490, i 

9.30-10.15 a.m. Sky overcast with small per- 523. 

centage blue sky ; air clear. In all these and 

following experiments care was taken to avoid 

artificial pollution from air blowing over vessel. 

They were all made on windward side of vessel on 

" bridge. " Vessel making about 12miles per hour. 
Ex. 16. Oct. 25.— Pacific Ocean, 21° 55' N., 156'' 40' W., 350, 280, 315, 350, t 

9.30-10.15 a.m. Sky overcast, weather showery. 350,280. 
Ex. 17. Oct, 27.— Pacific, 14** 8^ N., 161° 3' W. Morning. 1250, 1000, 1000, It 

No mention made in notebook of external 1000, 1000. 

conditions. 
Ex. 18. Oct, 30.— Pacific, 0° 8' N., 166° 14' W. Morning. 700-1000. 

Temp. 81°. It is inadvisable, when working, to 

have more than 5 or less than 2 drops per square 

mm. Therefore only the limits between which 

number of particles lies can be given in this 

case. More than 2 on 1 square mm. with ^ 

impure air, and less than 5 on 1 with receiver 

full of air. Sky nearly cloudless. Air clear ; 

wind E.S.E. 
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Group I. — Continued, Number of Nuclei per cubic 

centimetre. 

Oct. 31.— Pacific, 4° 52' S., 168° 3' W. Noon. Small 630, 770, 700, 666, 700, 

percentage high white cumulus cloud ; air clear ; 735. 

wind E. Temp. 82°. 
Nov. 1.— Pacific, 9° 50' S., 169° 63' W. Noon. 736, 626, 490, 630, 490, 

External conditions practically same as yesterday. 490, 700 

Wind slightly shifted to N. Temp. 84°. 
iViw. 3.— Pacific, 17° 67' S., 172° 38' W., 12.0-12.40 466, 466, 376, 420, 360, 

p.m. Sky clear blue ; small percentage cloud ; 375. 

air clear ; wind light S.E. Temp. 81°. 
Nov. 4.— Pacific, 12.16-12.40 p.m. Sky cloudy ; 246. 

cirro-stratus and nimbus ; wind moderate E. 

Four tests gave nearly same value. Temp. 76°*5. 
Nov. 6.— Pacific, 27° 27'^S., 178° 3' W., 12.15-12*40 420, 490, 516, 490. 

p.m. Sky cloudy, cirro-stratus and cumulus ; 

air clear ; wind S.E. Trade. Temp. 74°. 
Nov. 7.— Pacific, 31° 61' S., 178° 46' E., about 368 1260, 1250, 1376, 1126, 

miles from Auckland, 11.46-12.10 p.m. Sky 1125, 1250. 

overcast ; air clear ; wind S.S.W. Temp. 72°. 
Nov. 8.— Pacific, 10 to 15 miles from Great 2125, 1625, 1625, 2000, 

Barrier Island, 10.0-10.20 a.m. Sky cloudless ; 2125, 1625. 

air clear ; wind S. to S.W. Temp. 70°. 
Nov. 26. — Wairakei, New Zealand, N'orth Island. 

These first New Zealand experiments made in a 

geyser valley, and on top of its bounding hills 

were only preliminary trials. They indicated a 

value for amount of dust per cc. about 1000, but 

a regular series of observations was not made. 
Nov. 27.— Huka Falls, Wairakei, N. Z., 11.0-11.30 1000, 937, 875, 1126, 876. 

a.m. Sky rather cloudy ; air clear ; wind S.W. 
Nov. 28.— Rapids of Waikato River, N. Z., North 1000, 875, 1000. 

Island, 12.0-12.16 p.m. Conditions much the 

same as yesterday. Sky moderately cloudy ; 

air clear ; wind S.W. 
Dec. 6.— N.E. shore of Lake Taupo, N. Z., North 10,320, 8750, 9500, 8000, 

Island. Noon. Some clouds ; large percentage 10,250, 10,000. 

blue sky ; long line of cloud over crater of 

Ngaurunoe ; wind light, blowing almost directly 

from the volcano 55 miles away. Large amount 

of dust probably due to stream of smoke from 

the active crater. 
Dec. 7. — Lake Taupo, same position on shore, 2000, 1850, 1250, 1125, 

11.0 a.m. Much rain has fallen since yesterday ; 1126. 

sky quite overcast ; air very hazy — an island 

14 miles away just visible ; wind variable about 

N.E. First two results were obtained with T^th 

and last three with |th of impure air. Wide 

difference between figures of the two sets seems to 

point to either leakage (?) or pollution. 
Dec. 9.— Lake Taupo, south shore. Observations 1750, 1760, 1376, 1500. 

takenjtwo miles from Tokaanu, outside a Maori 

Settlement. Wind E. 
Jan. 1, 1895. — Near Glenorchy, Lake Wakatipu, 

N. Z. , South Island. Experiments of this mormng 

of very little value, but appear to indicate value 

between 500 and 1000 for amount of dust per cc. 
Feb. 16. King George's Sound, Australia. Ob- 1250, 1126, 1260, 1000, 

nervations made on board vessel lying at anchor ; 1000. 

12.16-12.40 p.m. Sky cloudy ; air clear ; wind S. 
Feb. 20. — Indian Ocean. Several experiments made 

from 9.45-10.30 a.m. gave number of particles per 

cc. somewhere between 160 and 200 ; but as there 

were always less than 2 drops per sq. mm. of 

counting plate individual figures are not given. 

Accurate results may be still obtained by count- 
ing drops on 9 or more squares. Sky overcast ; 

air clear ; wind light, S.W. to S.S.W. 
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Group I. — CmUinued, Number of Nuclei per cb 

centimetre. 

Ex. 85. Feb. 21.--In(iian Ocean, 14° 16' S., 96'' 24' E., 490, 490, 305, 420, I 

11.0-11.30 a.m. Space traversed during experi- 280, 350. 

ments about 8 miles. Sky overcast ; air clear ; 

wind about N.W. 
Ex. 36. Feb, 22.— Indian Ocean, 9° 38' S., 92° 18' E., 10.30 313, 350, 280, 280 

a.m., and again at 11.0 a.m. Last two observa- 
tions after a shower. Sky very slightly cloudy ; 

air clear ; wind very light N. W. 
Ex. 37. Feb. 23.— Indian Ocean, 4^ 57' S., 88° 52' E., 11.0- 280, 243, 313, 280 

11.15 a.m. Sky almost cloudless; air clear; 

wind N.W. 
Ex. 38. Feb, 24.— Indian Ocean, 0° 21' S., 85° 19' E., 11 

a.m. Several experiments made after much rain 

had fallen, gave number per cc. from 173-243. 

Sky cloudy ; air clear. 
Ex. 39. Feb. 25.— Indian Ocean, 4° 10' N., 81° 48' E., 12.30 420, 630, 453, 420 

£.m. Sky overcast ; air clear ; wind N.E. 
[onsoon (from Bay of Bengal). 
Ex. 40. Mar. 3.— Indian Ocean, 9° 30' N., 64° 15' E., 11.0- 1000, 1125, 1250, 100< 

11.15 a.m. Slight amount of cumulus cloud ; 

air clear ; wind N.N. E. to N.E. 
Ex. 41. Mar. 4.— Arabian Sea, 10° 34' N, 58° 56' E., 10.0- 1375, 1125, 1125, 12 

10.30 a.m. Small percentage cumulus cloud ; 1000 

air clear ; wind N.E. 
Ex. 42. Mar. 5.— Arabian Sea, 12° 0' N., 52° 30' E., 5.20- 280, 420, 313, 420 

5.40 p.m. Sky cloudless ; air clear ; wind 



d.4U p.: 

N.N.E. 



Ex. 43. Mar. 9.— Red Sea, 10.30-10.50 a.m. Sky clear ; 490, 383, 453, 490 

small percentage cumulus cloud ; air very slightly 

hazy ; wind N.N.W. 
Ex. 44. Mar. 14.— Mediterranean Sea, 10.5-10.30 a.m. 2500, 2500, 2000, 

Vessel just passing the eastern end of Crete, 3 or 1125 

4 miles from land. Sky cloudless ; air hazy ; 

wind variable N.W. by "W. to "W. Figures 

show gradual diminution of dust as fog region 

round island was traversed. 
Ex. 45. Mar. 16.— Mediterranean, 36° 29' N., 15° 7' E., 1250, 1125, 875, 

11.40-12.0 a.m. Sky overcast, cumulus and 1000 

nimbus clouds ; air pretty clear ; wind S.E. 



Group II. — Switzerland. 

Ex. 46. /wn«18, 1895.— Ridge of La Paraz, Diablerets, 2000, 1750, 2000, 250 

altitude 8360 ft., 3 p.m. Sky nearly cloudless ; 

air clear with extremely thin bluish haze ; wind 

S. La Paraz is the highest point of range form- 
ing northern wall of Valine des Ormonts at Or- 

monts Dessus. The village was 4300 ft. below. 

Results show how polluted air was being carried 

up from below by S. wind. 
Ex. 47. JuTie 20. — Ormonts Dessus, at point outside the 2500, 2000, 2000, 2C 

Commune, altitude 4000 ft., 11.30-12.0 a.m. 1500, 1750, 2000 

Sky slightly cloudy ; air just about as clear as 

on 18th; wind S.W. 
Ex. 48. June 21. — Ormonts Dessus, same distance from 3500, 4500, 4000, 4 ^ 

Commune, altitude 4080 ft., 10.30-11.0 a.m. 3750,4250,3500,3- 

Weather has changed after a Fohn wind, and 

much rain has fallen. Sky quite overcast ; 

clouds down in valley ; air ratner hazy ; very 

little wind. Point of observation about 80 ft. 

above the village in spot free from clouds, but 

where it was raining heavily. Air probably 

largely polluted by smoke from the village. 
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Group II. — Contimied, Number of Nuclei per cubic 

centimetre. 
Ex. 49. June 22.— Col du Pillon. This lies roughly east 2250, 2250, 2000, 1750, 

and west, is about 3 miles east of Ormonts 2000, 2000 

Dessus, and there are very few chalets in neigh- 
bourhood. Probably far less artificial pollution 

here than in valley below. Yesterday it was 

swept by clouds for many hours. Altitude 

5200 ft., 11.40-12.0 a.m. Sky overcast ; air 

slightly ha^ (about same as on 21st) ; wind E. 
Ex.50. Jwn« 24.— Valfeedes Ormonts, on grass slope about 2750, 2333, 2250, 2500 

2000 ft. above village, and some distance from 

any chalets, altitude 6000 feet, 1.45-2.0 p.m. 

Sky overcast ; raining ; air very slightly hazy ; 

wind N. 

Do.— 2nd set, at lower point on hill, altitude 3000, 3000, 2750, 3000 

5000 ft., 3.0 p.m. No rain. 
Ex. 51. June 27.— Summit of Oldenhom, altitude 10,250 1750, 1500, 1750 

ft., 3.0 p.m. Sky slightly cloudy ; air pretty 

clear, with faint oluish haze as on 18th ; wind 

light W., probably carrying up polluted air 

from the village 6000 ft. below. 
Ex. 52. July 2.— Riffelberg, Zermatt ; noon; altitude 7400 875, 750, 1000 

ft. Sky rather cloudy ; air clear ; wind light 

S. W. Observations taken after a day's rain, and 

are not quite satisfactory owing to rapid evapora- 
^ tion of drops from lower plate. 

-«- 53. July 4.— Riflfelberg, 11.30-12 p.m. ; altitude 7250 2000, 2250, 2000, 2000, 

ft. Sky cloudy ; air about as clear as on July 2nd ; 1750, 2000, 2250, 2000 

feint haze; wind light about N.W., blowing 

from direction of the Gabelhorner. Spot swept 

by clouds until about 9.0 a.m. No rain since 

July 1st. 
^- 54. Jw/y 6.— Riffelberg, 11.20-11.50 a.m. ; altitude 1750, 1750, 1750, 1275, 

7250 ft. Conditions made same as on July 4th. 1250, 1125, 1250 

Place in clouds until 9.30 a.m. Rain and sleet 

during night. Air prettv clear — rather more so 

towards west than north. Sky cloudy; wind 

light N.W. Temp. 54^ 
«^- 55. Jw^y 7.— Riffelberg, 10.50-11.15 a.m. ; altitude 1125, 1125, 1250, 1187, 

7250 ft. Sky nearly cloudless; air very clear; 1125, 1125, 1000 

wind light about N.N.W. Temp. 45*. More 

rain anasnow during night. 
^- 56. July 8.— Riffelberg, 10.30-11.0 a.m. ; altitude 3250, 3000, 4500, 3000, 

7230 ft. Sky cloudless ; air not so clear as 4000, 3750, 3000, 3750, 

yesterday ; wind gusty, N. — occasionally bring- 2500, 3000 

ing down smoky polluted air to place of observa- 
tion. No rain since yesterday. Air along Zermatt 

Valley towards Visp distinctly hazy. Temp. 45". 
^- 57. July (?).— Riffelberg, 11.30-11.50 a.m. ; altitude 3000, 2750, 2500, 2500, 

7400 ft. Experiments made at same place as on 3000 

July 2nd. Sky overhead clear ; air towards north 

quite hazy ; clear below about Zermatt, but dis- 
tinctly hazy above valley towards Oberland. 

"Wind light N. Clouds on Oberland Peaks, and 

from Weisshorn to Gabelhorn. 
«ix. 58. July 13.— Riffelberg, 10.20-10.50 a.m. ; altitude 250, 287, 250 

7250 ft. Some high clouds. Wind strong gusty 700, 875, 1000, 625, 575 

N.W. Air extremely clear ; this was remarked 225, 425, 625 

by many other persons, and it was clearer than I 

have ever previously seen it. Temp. 50" Since 

yesterday evening wind has veered from S.W. 

to N.W. , and rain and snow have fallen. Place 

of observation swept by clouds until 10.0 a.m. 

Results from 4th to 9th show pollution. Dis- 
turbance afterwards found to arise from smoke 

from a chalet some 1000 ft. below point where 

experiments were made. 
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Group II. — Continued, 

Ex. 59. July 22. — Riederalp. Experiments made in the 
clouds at a point on the Riederalp, some 200 
yards from the hotel, and not in the stream of 

Polluted air from latter. Clouds had been 
rifting over the alp since 6 a.m. At time 
of maximum opacity of air a chalet about 55 
yards away was just rendered invisible. No 
sky visible ; air probably saturated with mois- 
ture ; wind very light S.W., 10.0-11.45 a.m. ; 
altitude 6315 ft. 



Number of Nuclei per cu' 
centimetre. 



State of Atmosphere* 
Amount of Dust per cc. 

State of Atmosphere, 
Amount of Dust per cc. 



Clear area in 
Cloads. 

560 

StUl thicker, 
raining. 

665 



Bather thicker. Thicker, raining. Ditto. 
560 595 490 




Thicker and 
raining. 

700 



Still thicker, 
less rain. 

805 



MAzimmn de 
less rain. 

1225 



Rather thinner, less rain, 560 ; locally almost clear, no rain, 455. 



Ex. 60. Aug. 9. — Arolla, western fork of Val d'H^rens, 
4.0 p.m. ; altitude 6500 ft. Experiments made 
after week of unsettled rainy weather. Sky 
rather cloudy ; air clear with faint blue haze. 

Ex. 61. Aug. 24. — Combasana, above Zinal, Val d'Anni- 
viers. Experiments made at three different 
levels under practically invariable conditions. 
Air clear, faint blue haze ; sky slightly cloudy ; 
wind gusty S. 



1875, 1500, 1625, li 



Combasana, altitude 8500 
ft., 2.0-2.15 p.m. 

Amount ofDv^t. 1500, 1250, 1250, 1000 



Roc de la Vache, 8200 ft., 
S.40 p.m. 

525, 513, 465, 420 



Alp de Tracoit, 67i 
5.10 p.m. 

1000, 1000,760, 
1000 



]( 



At the last station sky was rather cloudy ; 
Rhone Valley. Practically no wind. 



air rather hazy ; thicker toi 



Ex. 62. Sept. i.— Summit of Bieshom, 10.20-10.40 a.m. 140, 140, 175, 175 
Altitude 13600 ft. Temp. 35° '6. Sky cloudless ; 
air clear, with faint blue haze, which appeared 
thickest towards north. Below, and some miles 
to west, very few small cumulus clouds. Towards 
north, apiMurently stretching from north-east to 
north-west, a band of grey haze, of nearly uniform 
height* throughout its length. Wind very 
light S. 

Bieshom, lower point, 11.20 a.m. Altitude 176, 211, 211, 280 
13,200 feet. Conditions nearly same ; no wind. 

Bieshom, east of snowfield on Turtmann 245, 315, 210 
Glacier, Conditions same ; no wind. Clouds 
mentioned above slightly increased. Noon. 
Altitude 11,000 feet. 

Col de Tracuitj 1.30-2.0 p.m. Altitude 420, 420, 490, 28 
10,665 ft. Air same ; wind S., gusty, moderate 420 
blowing over level area east of Koc de la Vache. 
Clouds larger and more numerous. Temp. 
50° -5* ^ 

EastofJtoc de la Vache, 3.0 p.m. Altitude 385, 630, 595, 490, -^^ 
8400 ft. Air quite clear ; mountains on other side 660 
of Rhone Valley quite distinct ; faint blue haze 
visible even across Zinal Valley. Wind S. and 
gusty. 

These experiments were all made upon the summit of the Bieshom, and at vari^^-j 
points on the return journey from it. The simplicity of its ascent and its hes>^^ 
made it a very suitable mountain for observations. It forms part of the chain coni 
ing the Rothhorn and Weisshorn, rising about 9000 ft. above the Zermatt Valley, 
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8or»i^ £000 ft. above that of Zinal. Northwards, and some 2500 ft. below its summit, 
lies sk, ** covered " glacier, while in a south-westerly direction stretches a region many 
mile^ in extent of snow-capped peaks of glaciers. 

Summary of Results, 

AZt'i^^mMc dbove Sea Level . . i 13,600 ft. 13,200 ft. 11,000 ft. 10,665 ft. 8,400 ft. 
Atf^rcK^e AmxmrU of Dust per cc, . | 157 219 257 406 513 



le large difference between the third and fourth results at places not very different 
i>^ 1^'vcl can be explained by the configuration of the mountain at the two regions. 



DISCUSSION. 

The President (Mr. E. Mawley) considered this one of the most interesting 
?ap^r« that had been submitted to the Society for some time, and that the 
o^^>®ervations made by Mr. Fridlander with his little dust counter in diff'erent 
?^J!^» of the world were deserving of careful examination and consideration. 
'^Here occurred one remark in the paper which was contrary to his own experi- 
ence, and that was where he stated that there was an absence of red and orange 
colour effects in the sunsets of the Indian Ocean. For when becalmed some 
years ago in the South Indian Ocean the sunsets evening after evening were the 
^^ost magnificent and varied in colouring that he had ever seen. This was the 
^^^t time that the subject of atmospheric dust had been brought before the 
^ociety, and their thanks were due to the author for the trouble he had taken 
m making the observations, and also for the clear and interesting way in which 
^ey had been arranged and discussed. 

Mr. M. Jackson said that the more dust there was in the atmosphere the 
'^ore luminous and highly coloured it became. He had often noticed in Alpine 
districts how easy it was to be greatly deceived by distances. From Chamounix 
^ Mont Blanc seemed but little farther than from Fort William to Ben Nevis. 
A'liia he supposed was partly due to less dust particles in the atmosphere. He 
**Xould like to know the effect of snow in clearing the air of these nuclei. 

Mr. F. J. Brodie said that in view of the absorbing interest of such inquiries 

^^ '^ras rather surprising that the subject of atmospheric dust had not hitherto 

-^^^^n brought prominently before the Society. In looking over the observations 

^^ 'W-as much struck with the large discrepancies in the number of dust particles 

'^*'^oorded at very short intervals of time — a point he had previously noticed in 

^*^'*^^ing Mr. Aitken's memoirs on the subject. Notable examples in the present 

^^'J>^r were shown in Experiments 4, 11, and 42, all of which were taken at sea, 

^**^^re large fluctuations would scarcely be expected. In .experiment No. 4 the 

ir of dust particles, as shown by observations taken at intervals of five 

LXites or 80, was on several occasions exactly twice as large as on others. He 

inclined to wonder whether these large differences might not be due either 

^^ imperfections in the instrument itself or to defects in the method of observing. 

^j^ Mr. R. H. SooTT said that with reference to the mention made by Mr. 

5* **i<ilander in his paper of his difl&culty in finding records of analysis of rain 

^ tiliese islands, he wished to state that in Air and. Rain^ by Dr. Angus Smith, 

t^^V^lished in 1872, no less than 200 pages were devoted to the subject The 

^^X^^riments on air washing in the neighbourhood of large towns often showed 

'^^ presence of flakes of oxide of iron. London rain contained sal ammoniac. 

Dr. C. T. Williams, said there was no doubt that the paper was extremely 

^^^^^xesting and valuable so far as it went, but the question naturally arose as to 

^^^^t the particles were composed of. Of course on the seaboard one would 

^^I>ect them to be of a saline nature, but in a mountainous district the composi- 

^oix must be entirely different. Then again no information was given in the 
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paper as to the origin of the nuclei. He should imagine that the direction an 
force of the wind would in some way account for the rapid changes in tL 
number of particles at any one place. With regard to the absence of orange an 
red colours as mentioned by Mr. Fridlander, he (Dr. Williams) had witnesse 
some most magnificent sunsets on the Pacific Ocean in which these were th 
dominant colours. He should like to know if the instrument in use could I 
thoroughly relied on. 

Mr. G. J. Symons said that Mr. G. Dines*s hygrometric observations showe 
that the air was usually badly mixed, and if the streams in it were distinguisl 
able to the eye many persons would be much astonished. Saline deposits ha 
been found 50 or 60 miles inland. 

Mr. R. Inwards thought that if there was any doubt as to the efficacy of tl 
instrument it could easily be tested by taking a cubic centimetre of air with 
known number of particles, or by repeated tests of air taken from a closed vesse 
when it would easily be seen if the instrument gave uniform results. 

Major H. E. Rawson called attention to the large amount of dust found 
be suspended at high altitudes during a season which was recorded as being ve- 
hot and dry. In 1893 there was an extraordinarily large amount of rainfc 
on the summit of Ben Nevis, and a very small amount at the base, the y^ 
being a particularly dry and hot one. He thought perhaps the explanation 
both cases was that the superheated surface of the ground created an up-draugB 
which in one case carried up the dust particles to high tdtitudes, and in t_ 
other the moisture of lower levels, leading to an excess of precipitation on t^ 
top of the mountain. 

Mr. W. Marriott said that when he visited the Ben Nevis Observatory 
1893 he saw some observations made with the large dust counter, and 
much interested in them. The number of dust particles in each cubic ce 
metre often varied very considerably ; the highest value obtained was 14,4 
in April 1891, while on more than one occasion no dust particles at all }m. 
been observed. It is considered that any number over 4000 was phenomenal! 
large, and any number less than 1 00 was phenomenally small The great ^ 
amount of dust occurs when the wind is from the South or East, and low de- 
values are obtained when the wind is between North-west and North-east. Th^ 
is a well-marked diurnal variation in the number of dust particles, as will 
seen from the following means for the three months, March to May 1891 : — 

1 a.m. 4 a.m. 7 a.m. 10 a.m. 1 p.m. 4 p.m. 7 p.m. 10 p.m. Mean. 
736 526 570 551 950 1438 1035 1029 854 

The minimum dust values occur in the early morning when the wind force 
strongest, and the maximum in the afternoon when the wind force is at^ 
minimum. 

Mr. Vj. D. Fridlander, in reply, said that with regard to the colour effe^ 
upon the Indian Ocean, he had only made a very small number of observation 
so he could not speak very decidedly upon the subject. That in order to ^ 
this it would be necessary to make many tests in the same region under varyi:^ 
conditions of colour. Probably it would be found that at times when the^ 
effects were much more marked the dustiness of the atmosphere was greats 
The chief source of error in the instrument used was leakage, but the process 
rendering the air in the receiver " dust-free " preparatory to making a test com- 
not be carried out if any leak occurred, as the dust entering with the air p^ 
vented one from reaching the stage at which no shower of drops was formed ^ 
expansion. Observations were rejected unless the distribution of drops on t>^ 
counting plate was tolerably uniform. So far as he knew no observations had 3^ 
been made on the possible purifying effects of snow with respect to atmosphe ^ 
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dust. With reference to the large differences between the results obtained at 

timesy separated only by short intervals (two or three minutes), he was not 

prepared to account for them, except partially by the irregular manner in which 

dust is produced and distributed. He did not think them due to errors of 

observation. 

Captain D. Wilson - Barker, who was unable to attend, wrote that he 
thought the value of the dust particle observations taken at sea, and so close to 
the vessel, could not in any way represent the true state of affairs. He was 
prepared to admit the presence of fine salt particles in the air, which in a 
storm extended to a considerable height ; but he did not think for one moment 
that these particles of salt extended to the lower level of clouds, or even in any 
yr&y affected the production of fog. He had never seen even volcanic dust at 
sea ; and while there was little doubt but that it is to be found there at times, he 
i^as of the opinion that the minute seaweed Trichodesmum Ehrenbergiiy which 
covered the sea for miles and looked like coal dust, and which he had found in 
&U tlie oceans, was often taken for duet particles and reported as such. 



Ana.i,ysis of the Greenwich Kainfall Kecords from 1879 to 1890, 
WITH Special Reference to the Declination of the Sun and 
Moon. 

By major H. E. RAWSON, R.E., F.R.Met.Soc. 

[Read April 15, 1896.] 

^Hcently I had the honour to read before the Society a paper analysing 

^he Greenwich Barometrical Records from 1879 to 1890, with special 

^^ference to the declination of the sun and moon.^ It was found that 

^^^ng those periods of a lunation when the moon was south of our 

f^l'^iator, that is, when its declination was south, the mean height of the 

Pyrometer at Greenwich was higher than when the moon was north 

i^ 10 years out of the 12. The exceptions were the years 1879 and 

* ^9o. Also that when the sun and moon were both south, the mean 

^%ht of the barometer was higher than when both were north in 10 

^^ars out of the 12. The exceptions were 1886 and 1890. Short 

^^ '^^as the period examined, these results appeared sufficiently remark- 

^1©, especially when taken in connection with the novelty of the method 

r^ opted in the analysis, to warrant the expectation that equally interest- 

l^€ results might be obtained by investigating the Rainfall records at 

^^enwich for the years 1879 to 1890 in the same way. 

The method of ascertaining the mean height of the barometer for the 

^^^ous periods was explained in the former paper. The mean of 24 

^^Urly observations is the mean for the day. The mean for those 

^ys in each lunation in which the declination of the moon was south 

^"V^e a periodic mean, from which the annual mean, moon being south, 

^^^ obtained; and similarly the annual mean, moon being north, was 

?^^©Ttained. The days when the moon was on equator were not included. 

^^lien the annual means, moon being south, were compared with the 

^Untaal means, moon being north, it was found convenient to arrange the 

* Quarterly Joumalf vol. xxii. p. 65. 
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J, not chronologically, but in an order which placed the two exceptional 
J, 1890 and 1879, by themselves, and the remainder in ascending 
• of the excess of barometrical pressure moon south over moon north, 
same sequence is adopted in the table. The total rainfall for every 
that the declination of the moon was north is divided by the number 
ys to obtain the mean daily rainfall for moon north declination (1) ; 
the total rainfall when the moon was south, divided by the number 
*ys, gives the mean daily rainfall for moon south declination (2). 
periodic totals are given in (5), (6), and (7). In (11) and (12) are 
)itulated the results obtained in the former paper from comparing 
mean height of the barometer when the moon was north of the 
tor, with the mean height when it was south. 

This table confirms in a startling manner what the barometer records 
dy suggested. If the analysis of the 12 years 1879 to 1890 
Id be borne out by an examination extended over a sufficiently long 
•d, some prognostication of the relative heights of the barometer, and 
le relative rainfalls for those periods when the moon's declination is 
1 and when the moon's declination is south, can be formed a consider- 
time in advance, even for such a place as Greenwich, 
jook at the mean daily rainfall in (1) and (2), graphically depicted 
) and (4), where the rainfall during the time the moon's declination 
ith exceeds that when the moon's declination is north in the four 
J on the left, 1890, 1879, 1884, and 1881 ; while in the four years 
le right, 1880, 1888, 1887, and 1882, the opposite is the case, the 
all with moon north exceeding the rainfall with moon south. And 
)rder in which the years are arranged is such as to place those on the 
in which the mean barometrical pressure is greater with moon north 
with moon south, and those on the right in which the opposite is 
case, or the mean barometric pressure is greater when the moon's 
nation is south than when it is north. In 1890, 9*168 in. of rainfall, 
^79, 12*745 in., when the declination of the moon is north, against 
35 in. and 15*891 in. respectively when the declination of the moon 
ith, and these are the two exceptional years to the otherwise universal 
that the barometer is higher when moon is south than when moon is 
I. In 1887 and 1882 at the other end of the series the rainfall, as 
a by (5) and (6), is much greater when the moon's declination is 
I than when it is south, just as the mean barometrical pressure is 
er with moon south than with moon north. From (8) and (9) we 
lat we may fairly compare the total rainfall of 1890 with 1879, and 

87 with 1882, as the moon was practically the same number of days 
3 same hemisphere in each of the years that are compared. It has 
iy been pointed out that the years 1890 and 1879 resembled one 
ler, and no other year, in the way the moon crossed the equator on 
L the same day and remained the same number of days in similar 
spheres. And it is remarkable that in two such different years as 
tls rainfall as 1890 and 1879, which differed in the annual total by 

88 than 9 J inches, the distribution with respect to the moon's declina- 
Bhould be so similar. The year 1879 was the wettest of the whole 
3, and is no doubt still remembered by many as an exceptionally wet 

y regards the 4 years 1889, 1883, 1885, and 1886, in the centre 
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of the series, 1886 has been seen to be with 1890 an exception to tl 
otherwise universal rule that the mean height of the barometer was high- 
when sun and moon were both south than when both were north, 
distribution of the rainfall in 1886 is found to follow 1890, and not tl 
years 1885 and 1880 on each side of it, and to have a smaller mean dai 
rainfall when the moon's declination was north than when it was soul 
The year 1883 was similar in this respect, and the barometrical obsei 
tions for the year show that the mean height, when both sun and m< 
were north, was above the mean for the year, though smaller than wh 
both sun and moon were south. The barometrical means for 1883 ai 
annual mean, 29*78 in. ; periodic mean, sun and moon both being noi 
29*81 in. ; periodic mean, sun and moon both being south, 29*88 in. 

When therefore we look into the figures contained in (1) and (2) a: 
graphically depicted in (3) and (4), we see that during the 12 years 18 
to 1890 there was a distinct tendency on the part of the rainfall 
follow the barometer. At the two extremes of the series where t>" 
barometer was markedly higher during one part of a lunation than durL 
the other, the rainfall followed suit, but in the centre of the series 
decision appears as shown by the alternate plus and minv>s signs. This- ^s 
just what we would expect for Greenwich, and the remarkable thing ^ 
not that we find that the rainfall does not always follow the baromet-^^^, 
but that in an investigation conducted on such novel lines we find sum-<i^1 
consistent results. It encourages us to look further and to try a-'x^B-^i 
discover whether these 12 years, chosen at random, and for no othm^r 
reason than that the observations were at the time of making tyt^^ 
calculations the latest published from Greenwich, whether they point ota^t 
any particular portion of a moon's lunation as better than the rest, 
for the first time in the investigation the judgment of the analyser has 
be called into play. Hitherto no errors but arithmetical ones could cr^^P 
in, but when it becomes necessary to analyse the Greenwich records ^^^ 
rainfall with relation to distinct periods of the moon's lunation which <i^ 
not synchronise with the records, judgment must be used. Up to "t/b^ 
present no rainfall observations that the writer is aware of have b^^^ 
carried out in connection with the orbit of our rather erratic satelli'*^ 
Until they are, any deductions made from the rainfall during th.^=>^ 
periods of lunation when the moon is ascending from maximum BOMSMth 
declination to 0°, and from 0° to maximum north, and is descending fr-'^3ffl 
maximum north to 0°, and from 0° to maximum south, must be recei'^^^ 
with reserve. These periods may be adopted for the purposes of ^^^e 
present analysis, and they have the advantage * that during the 12 
years imder consideration they were found to synchronise very faijr// 
well with the Greenwich rainfall observations, and judgment as to tte 
distribution of any particular fall between one or other period was 
remarkably seldom required. At any rate, as no particular result vraa 
being looked for, any such distribution was made without partiality. 
The figiu-es to be given are believed to be substantially accurate. 

In Table II. are given the total rainfall of each year, which fell during 
each of the quadrants maximum south to 0°, 0° to maximum north, 
maximum north to 0°, and 0° to maximum south. As the number of 
days varies during the year during which the moon remains in any one 
quadrant, it is more accurate to compare the mean daily rainfalls in each 
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TABLE II. — Periodic Rainfall. 



Year. 


Moon Ascending. 


Moon De5u:ending. 


Max. S. to 0' 


©• to Max. N. 


Max. N. to 0*. 


0' to Max. S. 


Total. 


Mean 
DaUy. 


Total. 


Mean 
Daily. 


Total. 


Mean 
Daily. 


Total. 


Mean 
Daily. 


1890 

1879 
1884 
1881 
1889 
1883 
1885 
1886 
1880 
1888 

1887 
1882 


in. 
6-109 

9-483 

5-143 
4-927 

4-962 

6-212 

4-5" 

IO-2IO 
8-210 
6-541 
3.870 

4-489 


in. 
0-076 
-108 
-054 
•058 

•054 
•069 

•047 
.098 

•097 

•073 
•040 

•055 


in. 

4-387 
5-556 
3-464 
5-953 

6-745 

4-882 

5-471 
6-124 

8-556 
8389 
6-743 
6-759 


in. 
0-045 
-054 
-040 
-063 
.068 
-061 
•065 
•069 
-090 
-086 
-066 
-079 


in. 

6-200- 

9-145 

4-066 

6-742 
6-065 

4-779 

7-337 
4-1 18 

7-224 
8-149 

5-424 
8-127 


in. 
o-o6i 
.098 
-047 
•069 
.066 

-053 
-084 

-051 

-074 

-089 

•065 

-079 


in. 

5-164 
7-178 

5-374 
. 8-103 

5-506 
6-036 
6-683 
3-760 

5-692 
4-426 
3822 
5-806 


in. 

0-060 

-089 

•055 
-091 

-067 

-058 

-069 

-041 

-064 

•051 

•045 
-060 


Toul 
Rainfall. 


74-667 


• • • 


73-029 


• • ■ 


77-376 


■ • • 


67.550 


• • • 


Total Days. 


1082 


• • • 


III4-5 


• • • 


1 104-5 


■ • • 


1082 


• • • 


Mean Daily 
Rainfall. 


• • • 


0-069 


• • • 


0-065 


• • • 


0-070 } 


• • ■ 


0062 



period than the total rainfalls in each period. These are calculated under 
each case and are given under ^* Mean Daily/' In the last three lines are 
given, for the whole 1 2 years, the total rainfall for each quadrant, the 
total number of days the moon was in each quadrant, and the mean daily 
rainfall for each quadrant, which is calculated from the two previous 
results. From the figures we see that if the rainfall on 1082 days, when 
the moon is ascending from maximum south to the equator, is compared 
with the rainfall on 1082 days when the moon is descending from the 
equator to maximum south, the latter is considerably less than the former, 
— less by rather more than what falls in any one year under similar con- 
ditions. In the same way if the rainfall, while the moon is ascending 
from equator to maximum north, is compared with the rainfall while the 
moon is descending from maximum north to equator, the former is much 
less than the latter. To compare the whole four results it is necessary to 
go to the mean daily rainfall for the different quadrants during the 12 
years. From the last line we see that the minimum rainfall occurs as the 
moon descends from O'' to maximum south, and the maximum as it 
descends from maximiun north to 0°, The rainfall as the moon ascends 
from 0° to maximum north, is considerably less than the rainfall as the 
moon ascends from maximum south to 0"". But it is not sufficient for 
us to know that during the 12 years, 1879 to 1890, less rain fell as the 
moon descended from 0*^ to maximum south than during any other quad- 
rant. It is interesting to know whether this period was distinctly finer 
than the others, that is, whether the rain was distributed as a rule over 
this quadrant or fell together. For this purpose I have extracted the 
number of times, according to the Greenvnch Observations, that the various 
quadrants had less than 0*10 in. of rainfall During the quadrant in 
question as the moon descended from O"" to maximum south, less than 
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0*10 in. of rain fell in 52 out of 160 periods, or one out of every thri 
As it descended from maximum north to 0°, less than O'lO in. fell 
times ; while as it rose from maximum south to 0° this quadrant was 
times without rain to the extent of 0*10 in., and as it rose from 0° 
maximum north this quadrant had less than 0*10 in. of rainfall 45 tim 
So that from the analysis of the 1 2 years the quadrant 0° to maximi:!.: 
south had not only less rain than the others, but had a larger number 
continuous periods of fine weather, when less than 0*10 in. of rain 
during th6 whole quadrant. Moreover, if the rainfall of this quadrant 
compared with that of the quadrants on each side of it, less than t>' 
average fell in 60 per cent of the periods. It might be thought that hea^v^ 
thunder showers or continuous rain for the same period in one or two 
might sensibly affect the comparison that has been attempted between 
of the quadrants. But curiously enough over 1 in. of rain was registeir^^xl 
the same number of times in each of the quadrants during the 1 2 
except in the quadrant moon ascending from 0° to maximum noi 
Over an inch fell 22 times during this quadrant, and 19 times dur£x"«.^ 
each of the other quadrants. There is no indication that these heavy fafc-XXs 
took place during any particular month, the moon being in the north^x:"^ii 
hemisphere ; but 6 of the 1 9 occurred in September, the moon being in t>X:^ * 
quadrant maximum south to 0°, while 5 of the 1 9 occurred in June, fcl«-e 
moon being in the quadrant 0° to maximum south. Otherwise, whetla^^r 
the moon was north or south the heavy falls were equally distributed o^v^^r 
all the months of the year, irrespective of the sun's declination. 

In the earlier part of this paper attention has been called to the x~^- 
markable similarity in the distribution of the rainfall in 1890 and IS '^ J 
in spite of the very different quantities that fell. And if the period:»c 
rainfalls in the above table are compared the resemblance is still mo:«r'e 
striking. In 1890 6*109 in. fell as the moon ascended from maxim xx:«3i 
south to 0°, and an equal quantity 6*200 in. fell as the moon descend ^x^ 
from maximum north to 0°. In 1879 the quantities that fell in xJtk^ 
same two quadrants were also practically equal to one another. In estoi 
year the minimum quantity fell as the moon ascended from 0° to maxi- 
mum north, and was slightly less than what fell in the quadrant 0^ ^ 
maximum south. Such consistent results deserve attention when tlxey 
are not found in any other years, and when the two years in which tfaey 
are found are years in which the relative position of the sun, earth, ^^^ 
moon to one another are practically the same throughout each ^ 
the years. Undue stress should not be laid upon these points of res.^^" 
blance, but they cannot be passed over in silence. 

To sum up the results obtained from analysing the Greenwich b^^^ 
metrical and rainfall observations from 1879 to 1890 having sp^--^^^^ 
reference to the declination of the sun and moon, we find that in 10 y^^sars 
out of the 1 2 the mean height of the barometer is higher when the decl— *^' 
tion of the moon is south than when it is north ; that in 10 years out of ^"® 
1 2 it is higher when both sun and moon are south than when they are no^^^^*» 
and that there is a distinct tendency of the rainfall to follow the barome^ ^^' 
In investigating the years which are exceptions an eleven year cycle *^*® 
been noticed, when the earth and its satellite return to very much ^^ 
same position with respect to the sun each day of the year, and the "^ 
tribution of the rainfall shows some remarkable points of resemblar^*'^* 
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Finally, a quadrant in each lunation has been traced in which the rainfall 
is below the average, and the persistence of fine weather more permanent 
than in any other. With the hope that these results will prove to be 
more worthy of consideration than the shortness of the period examined 
justifies us at present to expect, they are brought to the notice of the 
Society. 

DISCUSSION. 

The President (Mr. K Mawley) said that this was a very similar paper to the 
one Major Rawson had recently read on the "Greenwich Records of the Barometer." 
Although those present might not all agree with the conclusions the author had 
arrived at| they could not but admire the industry and enthusiasm with which 
the observations had been discussed. In investigations of this character there 
was always great danger of mistaking remarkable coincidences for the results of 
some natural law. Therefore, unless confirmed by greatly extending the period 
covered by the investigation, or by the examination of similar observations 
made in an altogether different part of the country, they must necessarily be 
received with a certain degree of caution. 

Mr. W. Ellis. — The results arrived at by Major Rawson do not appear to 
have any real value. He says that there is a distinct tendency on the part of 
the rainfall to follow the barometer. This may be so, but is not surprising, 
and does not prove lunar influence. Major Rawson midces a point of the two 
years 1879 and 1890, showing similar barometer and rainfall differences, the 
moon's motions in these two years being nearly alike. But there is great 
similarity in her motions in all years, the principal difference being that in 
some years the moon's declination may reach as much as 28** north or south, 
and in other yeais not more than 18**, the declination reached in any year 
depending on the place of the moon's node (which makes one revolution in 
between eighteen and nineteen years). So far, therefore, as declination is 
concerned, the difference in all years should have the same character, if not 
the same magnitude. But in the twelve years discussed by Major Rawson, 
the excess of barometer with moon north, above that with moon south, 
varies from + 0*1510 in. in 1890, to -0-1003 in. in 1882, the mean difference 
being - 0*0248 in. Similarly the excess of daily rainfall with moon north, 
above that with moon south, varies from +0*0190 in. in 1888 to -0*0324 
in. in 1879, the mean difference being +0*0006 in. Viewing in each case 
the wide range of the numbers and the small mean value, they are not 
suggestive of lunar influence either on atmospheric pressure or rainfaU. 

Let the question, however, be considered in another way. Any external 
body may influence our atmosphere either by its heat or by its attraction. 
But no sensible heat is received from the moon, and the atmosphere is un- 
influenced thereby. As respects her attraction, observations made many years 
ago at St Helena and Singapore indicate with considerable certainty the 
existence of a small atmospheric tide, the barometer being higher when the 
moon was on the meridian than when six hours distant therefrom, but the 
difference at both places was found to be less than 0*01 in. {Philosophical 
TransactiofUy vols, cxxxvii. and cxlii.). Water tides are also an effect of attrac- 
tion, and are due mainly to the moon. The water tide is considerable ; the 
atmosphere tide is, on the other hand, small. But the varying positions of the 
moon in declination influence only slightly the water tide, and if the effect on 
the atmospheric tide be analogous, it would be hopeless to seek to determine 
any relation between the declination of the moon and the height of the 
barometer. Again, rainfall evidently depends on disturbance of atmospheric 
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temperature, which being entirely a solar effect, since no heat is received fro» 
the moon, how can we expect to find any relation between the moon 
rainfall ? The atmospheric tide itself is difficult to determine, especially in o 
latitude, although probably the greatest of lunar effects ; and in spite of 
the attention given in past years to the subject, and the many attempts ma. 
to determine lunar influence, no other lunar meteorological effect has ever y^ 
been satisfactorily established. 

Mr. C. Harding said that he thought the care and pains devoted to t 
paper was worthy of great praise. Unfortunately he had had to disagree wi 
Major Rawson's last i)aper read before the Society, and he could not quite 
with his conclusions on the present one. Should the facts based on his 
be correct, they would be of great service in assisting forecasting ; but Maj 
Rawson himself even seemed doubtful as to their value for this purpose, 
questioned whether it would be possible to forecast more or less rain, accordL:s:i.£ 
to the declination of the moon. 

Mr. W. H. Dines. — I cannot say that this paper has in any way alter-^3<3 
my belief in the moon's absence of influence on the weather. It is so extrem 
improbable that the moon could exert any influence, that very strong evide 
is required to prove that it does so. The moon's heat is so slight that it 
hardly possible to detect it, and hence we may set this aside. The moo:»ii.*« 
attraction causes the tides, and must doubtless cause an atmospheric tide, 
this again has never yet been detected by the barometer. The attraction^ 
easily calculated, and is such that a weight of half a ton weighs only 
single grain less when the moon is in the zenith or nadir, than when the 
is on the horizon. Again, the barometer would stand only about y^ of 
inch higher when the moon is overhead, if the tide caused be considered sim 
as a statical effect. It is hardly possible to suppose that such trifling differen. 
can produce any eff'ect. 

Secondly, as to the evidence given in the paper. There is a con8idera'fc=>^* 
difference in the amounts of the four periods, but the difference is such as mi^^^^^ 
have been expected from the law of probability. During the years 1893 
1894 there fell at Oxshott on Sundays 5-08 in. rain, on Mondays 6 — 
in., on Tuesdays 8*66, and on Wednesdays 8*56. Can any one seriou^ 
maintain from this that some unknown cause makes it flne on Sunday and 
on Tuesday and Wednesday ? Of course the differences are due to the accide: 
occurrence of heavy falls on the two wet days and their absence on the Sund 
in those two years. The 104 weeks about correspond to the number of lunati 
and I may add that this was the first trial of the probability of such a differe 
being due to purely accidental causes that I made. It would be easy to 
almost any number of similar instances, and hence I cannot agree with 
author in his opinion that the phenomena are cause and effect 

Mr. H. Harries said it might be, as Major Rawson remarks, that " no e 
but arithmetical ones " have crept in in the preparation of this and the p 
paper, but the arithmetical errors appear to be of such a nature as to su, 
that the conclusions arrived at depend not upon the position of the moon, 
upon the mode of dealing with the figures. If we take the specimen barome 
values for the year 1879 given on p. 65 of the Qtmrterly Journal, we find 
periods, 14 of which are on the north declination side and 13 on the so 
declination side. We cannot, however, compare 14 means with 13 means, 
the very obvious reason that the 1 4th period is an overweight which exaggen^ *^ 
the + or - difference, or changes it from the one to the other. Exclude ^^^ 

14th north declination period and we have a mean of 29*7634 in. for the o*-^^^^ 
13, and the excess over the same number of south declination values is redn:^^ 
from + 0-0353 in. to + 0-0089 in. If, on the other hand, we make up the sc^a^ 
declination side to 1 4 periods by taking the next succeeding series of dajr' ^ in 
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January 1880, 30-337 in., we obtain a south declination mean of 29*7961 in. to 
compare with the same number of periods on the other side, as printed in the 
QtuNTterly Journal We have now instead of the +0-0353 in. used in the dis- 
cussion - 0*0063 in. If all other years are dealt with in this way we may 
possibly find every result in the barometer and rainfall tables so altered, and 
with the + and — signs so changed about, as to justify our arriving at entirely 
different conclusions from those which Major Rawson has brought before us. The 
differences on the yearly means are so infinitely small, and between individual 
periods six of one and half a dozen of the other, it becomes of the highest impor- 
tance that they should be obtained by strict mathematical reasoning, otherwise 
we shall be arguing on tables of figures which are incorrect from beginning to 
end. As Major Rawson contemplates another paper of a similar nature, it is to 
be hoped he will reconsider the method of comparison he has thus far followed. 

Major H. £. Rawson, in reply, said that Mr. Ellis had forgotten what he 
confessed had been unknown to himself till long after sending in his paper on 
the barometrical observations, that the Astronomer Royal had for seven years 
carried on an investigation into the influence of the moon's declination on the 
barometer, and had found in several years that the mean height " seemed to be 
increased by the moon's position in south declination." The reason for discon- 
tinuing the investigation is not given, but by the method he adopted contradictory 
results were obtained, and may have been the reason for abandoning it Mr. 
Ellis was of course quite correct in saying that the moon's motion was very 
similar in all years, if he did not consider that motion with respect to any other 
heavenly body. Considered with respect to the sun and the earth its motion, 
relative to any place on the earth, such as Greenwich, was very different indeed 
from year to year. Every fourth year, in consequence of the revolution of the 
moon's apsides, the apogee of the moon will occur where the perigee occurred 
l)efore. Every fourth year the periods when the moon is north and south of 
the equator will be exactly reversed ; during those days of each month that the 
moon was north of the equator it will be south, and vice versd. Considering the 
motion of the moon round the earth in an ellipse, which is itself in a twofold 
state of motion— one of advance and one of tilt — it was a matter worth 
noticing in the period under discussion that in the eleventh year there was a 
similarity in the motion of the moon which does not appear in any other year. 

Major Rawson was obliged to Mr. Harries for his criticism on the method 
adopted. His object in bringing the matter to the notice of the Society was, 
first, to invite criticism ; second, to ascertain whether he was treading on old 
^^und. While we are unaware of the cause why the barometer is found to be 
^higher with the moon south of the equator than when north, the method adopted 
seems to be free from all charge of prejudice. Does Mr. Harries think that the 
moon's influence for a 14th period causes the overweight he refers to ? 

He quite shared the opinion of those who found it extremely difficult to 
lielieve in the moon's attraction or heat being the direct cause of the facts which 
his investigations had brought out He wished, in conclusion, to take this, the 
first opportunity of reporting to the Society that an examination of the Qreen- 
wich observations for the fifty-two years (1841-92), which have been published, 
showed that for an epoch of twenty-three consecutive years, with but five excep- 
tions, the barometer was higher with the moon north of the equator than with the 
moon south ; while during the epochs on each side (also with but few exceptions), 
the barometer is higher with the moon south of the equator than with the moon 
north. Thus of the years discussed in this and the previous paper, 1879 is the 
last year of an epoch, and forms no exception. From 1880 to 1892, the year 
1890 is the only exception. Some very interesting results also appear in 
connection with the eleven -year interval which has been referred to in the 
papers. 
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WEATHEE FORECASTS AND STORM WARNINGS: HOW 
THEY ARE PREPARED AND DISSEMINATED. 

By FREDERIC GASTER, F.RMet.Soc 

A Lectare delivered before the Royal Meteorological Society, Marcli 18, 1896. 

Having been invited by the Council to bring before the Fellows a state- 
ment, in the form of a lecture, as to the manner in which weather 
forecasts and storm warnings are prepared and made known in this 
country, I have acceded with pleasure, and have to acknowledge with 
many thanks the honour which has been conferred on me by the request 
In performing the task, however, I have to ask the indulgence of those 
who are already acquainted with the main features of the work, while I 
take them, and those who are not so familiar with the subject, through 
each stage of the proceedings, so that in the end we may all come to a 
clear and satisfactory perception of the principles on which the work is 
based. 

Now, of the instruments employed in this work the barometer occu- 
pies a position so pre-eminently important that it is necessary to recall 
clearly its construction, and to consider what is indicated by its readings. 
We take a tube about 33 inches in length, closed at one end and 
open at the other ; we fill this tube with mercury, and having expelled 
all the air, invert it in a vessel (or cistern) of mercury, so that the open 
end of the tube is below the level of the mercury in the vessel The 
mercury in the tube at once sinks to a certain level, but the larger 
portion (about 30 inches in length) remains in the tube, leaving a 
vacuum in the upper part. Why does not the whole of the mercury 
leave the tube 1 Simply because it is maintained in its position by the 
pressure of the air on the mercury in the cistern. Remove that pressure 
by an air-pump, and all the mercury will come out of the tube ; let in the 
air again and the mercury will at once reascend to the height previously 
marked, but will never Jill the tube. As a consequence of this we see 
that, should the atmospheric pressure in the ordinary course of nature 
decrease, a further portion of the mercury will flow out of the tube into 
the cistern, and we shall say "the barometer is falling"; while an 
increase of the atmospheric pressure will force a larger quantity of the 
mercury into the tube, and we shall say " the barometer is rising." Thus 
we come to two sets of teims — 

(1) Barometer high = atmospheric pressure in excess of the normal. 
Barometer low = atmospheric pressure in defect of the normal ; and 

(2) Barometer falling = atmospheric pressure decreasing, 
Barometer rising = atmospheric pressure increasing, 

the rate of change being described as slow, moderate, or rapid, according 
to circumstances. 

This is all that a single, isolated instrument shows us ; but there can 
be no doubt that by the careful consideration of its actual height and 
its rate of rising or falling, in connection with the simultaneous change in 
the direction and force of the wind, temperature, humidity of the air, and 
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3 increase or decrease in the quantity and density of the clouds and 
3ix height, isolated observers have been for years enabled to arrive at 
ry shrewd conclusions as to the character of weather approaching their 
Lghbourhood. Farmers, shepherds, and sailors, by constant practice, 
3 among the most apt of such judges, especially when the physical 
itures of their own locality at the time of observation form an element 
leading them to their conclusions. 

But the question long ago suggested itself to some, that if we could 
»t^n simultaneous readings of the barometer, made at a considerable 
imber of positions scattered over a wide area of country, we might by 
I'tting them on a map and looking at them in connection with the 
ind and weather, prevailing at the same time, arrive at some better con- 
tusions as to the form and nature of the weather systems with which 
8^6 have to do, and by comparing chart with chart learn something, 
^rhaps much, more of the movements of such systems, and finally be 
prepared to deal with them for the good of mankind. The first en- 
deavours in this direction were made by our forefathers in discussing the 
(Conditions prevalent during violent storms. The earlier investigators 
Eoond that in these storms the wind tended to circulate round a central 
area in which the barometer was low, and thus it came about that such 
storms were called " cyclones." It was not till later that the cases of 
3rdinary and lighter winds were similarly discussed.^ The importance of 
such investigations and of the facts which they disclosed, gradually forced 
tself on the public, until in the present day hardly any civilised country 
s without its Meteorological Office or Weather Bureau, in which one of 
/he duties is to establish a series of widely spread stations, which shall 
communicate by telegraph with a central office once, twice, or thrice daily, 
it certain fixed hours reporting the pressure and temperature of the air, 
:he direction and force of the wind, the weather, etc., as soon as the 
observations had been made. 

In the map. Fig. 1 (p. 214), we have the positions and names of the 
stations in the British Islands from which such information is received, 
together with many foreign stations,^ the information from which is, by a 
courteous system of international exchange, available for publication in 
the Dailj/ Weather BeporL From this map it will be seen that the stations 
cover the whole of the British Islands and many parts of Western and 
North-western Europe. From all of these localities telegrams are received 
once, from several of the others twice, and from a considerable number 
of them three times a day, the hours of observation being 8 a.m., 2 p.m., 
and 6 p.m. Now let us see what the barometric readings taken at one 
of these epochs show us. In Fig. 2 (p. 215) we have a set plotted to the 
positions of the stations, and it is at once evident that not only are the 
readings unlike one another, but that all the lowest readings are gathered 
over or around one particular position — viz. the east of Scotland — while 
the highest are found in France and Germany, and that the values increase 
steadily from the former to the latter region. We want to know more 

* It is in no way proposed to go minutely into tlie history of this work, but merely to 
mention it with the object of showing how certain terms came into use in dealing with 
weather systems. 

* The map is not large enough to give the positions of Lisbon and P. Delgada (Azores), 
information from which is supplied by the Portuguese authorities. 
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definitely, however, the form of the area in which euch readings an 
congregated, and to do this we find out the points at which the readbgi 
are preciseiy similar, and join them by lines. In the present case it ii 
evident that the reading of 2950 in. would lie between Aberdeen (2916) 
and Leith (29'58), between Aberdeen and Ardrossan, (2962) between 




Aberdeen and Nairn (29-51), between Aberdeen and Wick, and between 
Aberdeen and Skudeanaes — in fact, between the two last named stations 
the readings of 29-5, 296, 297, and 29-8 will all be found at certain 
positions along a straight line joining the stations. We place a dot on 
the map where each reading of 29'5 in. is to bo found, and we then join 
thorn by a curved line, and at once it becomes evident that the line takes 
a Bomowhab oval form. On drawing in a similar way the lines joining the 
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dote which mark the values of 396 in. and 297 in. we shall find that 
they nm in a course somewhat parallel to that of 29'5 in., and enclose 
an ovai-ehaped area in which the barometer stands lower than in the 
regions adjacent. We therefore call this a region of "low barometer" or 
"low pressure," and the lines are called "isobai's." On continuing the 
process, however, it is found that the line for 29'8 in. shows a tendency 
at its extremities, to draw away from this low pressure area ; those of 
29-9 in. and 30*0 in. show a still greater tendency in this direction, 
and when we come to those for 301 in. and 302 in. we find them en- 
closiug another somewhat oval area, but in this the barometric readings 
Are higher than those in the adjacent regions. This area is termed an 
area of " high barometer " or " high pressure," as opposed to those of low 
pressure previously described,^ and if the whole of the earth's surface 
^«re 80 treated several of these areas, both of high and low pressure, 
w-ould be discovered. 

The next question which suggests itself is this. Is there any connec- 
tion between these high and low pressure systems with which we have 
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^^Kiome acquainted, and the winds and weather observed in their neighbour- 
"c»od! Undoubtedly there is; and to make that connection evident wc must 
Si"v-e up the hypothetical diagram in Fig. 2, and refer to Figs. 3 and 4 (p. 
^ I €), which are drawn from actual observation. Both of them are compiled 
*^*^in observations made in winter, and are therefore intercom parable. Fig. 
^ allows a lai^ area of low pressure, having its central part (in which 
^**^ barometer is below 28'5 in.) lying over and off the west of Scotland. 
^ t»,« cylonic system covers the whole of the United Kingdom, and the 
^^*^)iiietric "gradients" (or differences of pressure for a given unit of 
^■^tance) are steep. The arrows on the diagram show the winds 

,L**i=ll is a typical Casa dlnnu uicic.j vu ai.i mu™ mm .la 

^^irooghly the main principles observed in (Iraiving iaobario m 
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prevailing at the time, and of tlicBe an explanation is given in tbe 
footnote.' What do they showl Westerly and South-westerly win fla 
strong to gale . in force on all our western coasts, stroi^ West-soiaCh.- 
westerly winds in the channel, but a moderate Southerly breeze off t;li« 
east of Scotland, a South-easterly breeze at Sumbuigh Head, atic3 
an Easterly wind in the Minch. In Norway the wind is Westerly, 
inQuenced by another s}'stem which had previously passed over us, &zb.<3 
was disappearing over the north of Russia. Now look at the temperatures ; 
they range between 61° and 49° over all the southern half of the area, 1>vit 
are as low as 30° to 37° in the north, where either the wind was Easterly, 
or the pressure distribution was approaching more nearly to that of t>lie 
" high pressure " systems than to the low-pressure system with which -we 
have to do. Mark, too, the weather — squally and rainy on almost all o\xi 
coasts, with snow in the south-west of Norway and in the north of Scot- 
land. Even as far south as Eochefort the sky is overcast ; and the morn- 
ing observations of the following day show that gales and rains had been 
very general. 

We come now to Fig. 4. Here we have a high-pressure system, tlie 
central area of which lies over the Chriatiania Fjord, where the readings 
exceed 31 '0 in., while the system 
y. ~^ T" ''"tS?'*~>tl ^''^^nds southwards to the middle of 
^W |j*N.3.i8»4 1 I 'y^ \rf; France, and westwards over the 

^^ ^ j~^^^Z^A ^,AS~-<^ff whole of the United Kingdom. The 
winds are North-easterly over Denmarl< 
and North Germany, Easterly over 
England, Easterly and South-easterlj 
in Ireland, and South - easterly to 
Southerly at the Scotch stations. Here 
also we have a circulation uf wirwl 
round the ayst^m, but its tendency 
is to draw outwards, from the centre, 
whereas in the case of the low pres- 
sure system it tended to flow iwioartfe 
toward* the centre. Moreover, in the 
high-pressure system the winds ar« 
moderate to light in force, as opposed 
to the gales and strong winds *>' 
Fio. 4. the low-pressure system, and had the 

specimen chosen for the high-pres- 
sure system been, as is often the case, a system of larger area ft"*^ 
slighter intensity, the winds would have been lighter still and in ma^y 
regions calm. In fact, variable airs and calms usually prevail over tl*e 
central parts of the high-pressure areas, while strong winds mark those *'' 
low pressure. Let us now examine the temperatures in this system- — ' 
they are all very low, the only readings which exceed the freezing-poi"'' 
being those in the west of Ireland, while those reported from Genna'*^ 
and France are as low as 18° or 19°. Tlie weather, too, is fine and drJ' 
as opposed to the squally rainy conditions shown in Fig. 3. 

• The force of thu wind ia shown on the various lUngraiiia by the number of barta *^\. 
feathBTH on the arrows. Thus two bnrba and four fuBthers indicate a violent gale ; two ''"^ 

" ' It freah wind ; **^ 
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We learn, therefore, from these illustrations, that the two systems, 
bigh and the low pressure, are diametrically the opposite of one another 
ressure, temperature, wind, and weather ; and, as the wind draws ovi 
', the high-pressure centres, and in iovoards the low, it is evident that 
former systems '* feed " the latter at the surface of the earth ; and it 
ily reasonable to suppose that the reverse of this operation takes place 
le higher regions of the atmosphere. 

One or two more facts must be noted before we tabulate the important 
I at which we have arrived. The first is that in summer time the 
cyclone is the warm weather system, as owing to the fineness of its 
bher, and the many hours of sunshine the solar rays are felt very 
ngly in heating the earth and air, while the low-pressure systems, 
ig to the density of their clouds, and the effect of their rains, become 
cold-weather sysiems of this season by cutting off the solar rays. As 
apparently circular movement of the air round the low-pressure system 
led to their being called " cyclones " (from hiklos, a circle), the 
>site circulation round the high -pressure systems gave rise to the 
1 *' anticyclones '' as applied to them. Again, from the fact that in 
ones the barometric column is depressed below the level which it 
Qtains in adjacent regions, the systems have come to be called *' de- 
sions '' ; and it has been suggested that for the opposite reasons the 
cyclones might with equal propriety be termed "appressions." 
In the following table there will be found all these normal charac- 
stics of the primary systems of weather to which we are subject — a 
e, the value of which will be apparent to every one who takes any 
rest in the matter. 



Pressure Systems and their Normal Characteristics. 

Low Pressure. High Pressure. 

Natnes. 

[ones. Anticyclones, 

ressions. Appressions. 



Winds. 



ng in force ; at times a severe 

lie, or hurricane. 

alate left-handed round the centre 

: the system. 

w in spirally towards the centre. 



Light in force, often calm. 

Circulate right-handed round the 

centre of the system. 
Draw out from the centre towards 

the neighbouring cyclones. 



m summer. 
b in winter. 



Temperature. 

High in summer. 
Low in winter. 



Weather. 

gh and squally. 

I in summer, snow in winter, 
lunderstorms in both seasons, but 
specially in summer. 

Q 



Quiet and dry. 

Cloudless and bright in summer, 

with haze at times ; foggy or 

bright in winter. 
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We come next to the consideration of the movements of these systevicaj 
— are they at all dependent the one on the other T and if so in wtk^^t 
way 1 With regard to the anticyclones no rule whatever has been reco^^^. 
nised as to their movements ; but the movements of the cyclones app^i^r 
to be in a limited degree dependent on their position with regard to fclxe 
anticyclones — it being found generally that cyclones tend to move roazid 
the anticyclones from left to right — so that if pressure be highest in a.Ki 
anticyclone lying over Continental Europe and having its central area o-ver 
Germany and the Baltic, then a depression arriving off the west of Irelaxid 
from the Atlantic will move north-eastward, outside our vest and nortJi- 
west coasts, and travel away over Northern Europe towards Siberia. On 
the contrary, with pressure highest over Northern Europe and stratching 
out over Scandinavia towards Scotland, any depression which may appear 
over North Germany (and these are usually very slight) will tend to move 
westward over the Netherlands, and the north of France. As a itiI* 
these latter systems are secondary to a larger, and more general (primatry) 
system lying at that time over the Mediterranean Sea or Southern Europe. 
Before going more fully into this question, however, we must get somo 
further insight into what are termed " secondary " systems. 

Secondary systems may be either of the low or high pressure tyf*^ 
and perhaps it will be well in considering them to confine our attention 
in the first place to the former. They are observed sometimes as smaH 
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cyclones, tending to move round their primaries from left to right — asi'^ 
carried on by the general movement of the air-currents in which they U^^ 
developed — at other times as hemicydoMS, i.e. systems of which only on^^ 
half of a cyclone (the half remote from their primary) is to be traced ; tho^^ 
obey the same law of movement as is observed with their more foUjP^ 
developed brethren. Other secondaries assume the form of the letter V, tiX^^ 
are termed " V-shaped " systems : they are ordinarily developed betweee:^^-* 
two anticyclones ae a primary depression passes by the mouth of tJi^^^ 
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■w which separates them, A chart showing both the cyclonic and 
cyclonic secondary systems will be found in Fig. 5 (p. 2 1 8) for 8 a.m. on 
uary 10, 1894, where the primary depression is to the northward of the 
land IbIcb ; the secondary cyclone is shown lying overKent,while a hemi- 
me is approaching the west of Scotland from the Atlantic. The effect 
ch secondary systems is to throw the bad weather which would have 
iiled closely round the primary eystem to a greater distance from its 
■e — the space intervening between the secondary and primary being 
:ed by a very temporary spell of bright weather to be Bucceeded by the 
rhed conditions normal to the primary when the secondary has passed, 
haped " disturbances are marked, as far aa the weather is concerned, 
lost of the features which maintain in secondary cyclones or hemi- 
nea, but the winds in their front and rear are set with regard to one 
ler at an angle so acute, that when their central line (or diameter) 
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B over any station, the winds shift abruptly, sometimes momentarily,. 
gh a considerable angle, in a sharp squall, and if the gradients on the 
lide he steep, the change is often productive of serious damage to 
ing, owing to the unexpected change, and the severity of the gale 
I is developed. A good instance of this is shown in the chart 
».m. on January 26, 1894 (Fig 6, p. 218). It is not very uncommon 
lall cyclonic systems of great intensity, commonly called " tornados, "^ 
developed in the apex of the " V," and the evil qualities of these 
but most destructive, storms are sufficiently well known, although 
ly in this country we know very little of their ravages. 
Bt us now turn to the secondary high-pressure systems. Here we 
arieties, almost precisely the reverse of the secondaries which belong to 
'W-pressure class. The similarity in their outline, as shown hy the 
11, is simply remarkable, but the fact that in one class the pressure 
:zce8s, whUe in the other it is in defect of that in the surrounding 
IS, makes all the difference as to their other characteristics. We 
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have secondary anticyclones, pure and simple, such as is shown in Fig-, 
(p. 219) for 8 a.m. on March 10, 1896, in which the primary anticyclo 
covers the Bay of Biscay and neighhouring parts of the Atlantic, while 
secondary lies over the midland and southern counties of England, 
effect of this secondary is (as in the case of the secondary cyclone^ 
throw out the conditions observed in the primary much farther to t]3.« 
northward {i.e. away from the centre of the system) than would have been 
the case had the secondary not existed. The next form of secondary higlx- 
pressure system is that called the " ridge," a feature shown to some extent 
in the Fig. last referred to, but much more strongly in Fig. 8 (p. 219), whicli 
represents the conditions prevailing at 6 p.m. on February 1 4, 1 894. On this 
occasion a large anticyclone lay over France, Western Germany, and the 
south of our islands, but the " ridge " spread northward (like a spur from 
a mountain chain) covering the whole of the British Islands, and almost 
touching the Faro Isles. The winds and weather in this kind of system 
are exactly the opposite of those in the "V-shaped" depression, and 
spread out the an ticy clonic condition of the primary high-pressure area 
much farther to the north-westward than would have occurred had the 
ridge not been present. This form is found extending from anticyclones 
between two depressions as they move along the margin of the high- 
pressure area, and may perhaps be considered as the natural result of 
such an arrangement rather than an independent system of itself — i* 
being hard to conceive that two somewhat circular depressions could 
follow one another round an appression without such a ridge intervening. 
A further development of this form of secondary is found in the union of 
two "ridges" emanating from two different high-pressure systems, and 
uniting in the form of a " col." Such a formation is shown in the chart 
for 6 p.m. on February 26, 1896 (Fig. 9, p. 221), when one of the two high- 
pressure areas lay over Ireland and the adjacent parts of the Atlantic, 
the other over Scandinavia and Northern Europe, the two being united 
by the " col " stretching across England, the south of Scotland, and the 
North Sea. The adjacent low-pressure systems are shown lying one to 
the northward of Scotland, the other over the south of France and tb^ 
Gulf of Genoa, and are well marked. Within the area covered by tb* 
" col " the weather is fine, the winds are light, and the night temper^ 
tures (in winter) are low ; in fact, the anticyclonic condition of the t^^ 
systems which the col unites are continued throughout its length. Tb-* 
two anticyclones, of course, need not occupy the positions shown in tb^* 
illustration in order that a " col " should unite them, but it is necessar^, 
that each should extend towards the other in the form of a "ridge- 
or the weather conditions here described would not hold true. Shoul- 
the major axes of the anticyclones be parallel one to another there woulc 
in fact, be produced a complex condition which has hitherto been know^^ 
by the term " trough," and to which attention will be shortly directed. 

It is evident, from what has already been stated, that if the distribu-^^ 
tion of pressure were always in accordance with one of the type^^ 
hitherto described, and if the changes were of a simple and regula^^ 
character, the forecasting of weather and the issue of warnings for stoi 
would be matters comparatively easy of execution ; but this is not 
Both the low and the high-pressure areas undergo at times importan-- — 
alterations, both of intensity and of form, as they approach or pass ov< 
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Sometimes a deptesBion which, on advancing towards us, is 
deep, fills up almost suddenly, and the warnings issued turn out 
oily or partially unnecessary ; at other rare times a disturbance 
ly of slight importance develops an energy in no way fore- 
1 by the barometrical indications, as far as our present knowledge 
IS to understand them, and storms are then experienced where 
e looked for. More commonly the advancing depression extends 
rger area than it appeared likely to cover, and consequently a 
rger part of our coasts than had been warned experiences a gale. 
occasions a sudden increase of pressure far outside our area of 
on will develop steep gradients where only slight ones were 
ifore, and gales result on coasts which had not appeared to be 
id. All such matters as these are causes of inquiry and careful 
.tion, and it is cheering to be able to say they are gradually 




nore and more within the grasp of those whose duty it is to 
the very trying and often thankless task of issuing the warnings. 
1 regard to mere " weather " conditions, however, there is a 
ion of pressure which produces rains, so heavy and bo fitful, 
ji at present be forecasted only witii great difficulty, and at times 
itirely all attempt* to deal with it. I mean the condition which 
Ecial publications has been termed a " trough " of low pressure, 
it not be confused with the " trough " of a depression referred to 
.bercromby in his works, and which, as a meteorological entity, has 
no real existence. An instance of a trough is found in the condi- 
ich prevailed between May Uth and 14th, 1886. The distribu- 
f pressure at the time of greatest intensity is shown in Fig. 10 
m on May 13th. At that time there were two high-preasure 
one over the northern parts of our area, the other over Spain and 
literranean, but they were separated by an elongated area (or 
>f low pressure lying over the English Channel, the Scilly Islands, 
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and the south of England. In this there were three distinct minima, (^ 
over the Scilly Islands, a second over the northern part of DevonshLir^^ 
and a third over the Straits of Dover ; and, as a rule, it will be foiLcicj 
that such a distribution of pressure is favourable for the development of 
local depressions which, while they may not produce much wind, cause 
heavy falls of rain in many places. Torrents of rain had prevail e<3 
over our midland and north-western counties, and in the east of Ireland, 
with Easterly and North-easterly winds. A very similar condition Ixas 
occurred on the morning of the day on which this lecture is delivered 
(March 18, 1896), and we all remember how steadily the rain has poiLred 
down for many hours together in London. There are other minor dis- 
turbances to which attention might be drawn, e,g. the thunderstoxm 
disturbances of summer, and other local systems, most of them having 'the 
accompaniment of heavy rain — the bulk of it coming with an Easterly 
wind — but time forbids their detailed consideration at present 

Let us now see what we can gather from the facts which have l>eeD 
adduced so far. We have considered the main features of high and low 
pressure systems and their bearing on one another, and have noticed the 
principal forms of primary and secondary systems, and the laws wliich 
appear to govern their movements. If these features be as has been statod, 
it is obvious that in preparing forecasts, or issuing storm warnings, our 
first consideration must be the positions in which the pressure is highest 
and where lowest, then the steepness of the gradients, and the indications 
(if any) of the approach of any depressions, and whether they appear to 
be large or small, deep or shallow, primary or secondary. Then come the 
questions as to what coasts are likely to be affected, and the further question 
whether, by the rate of the barometric fall, and the manner in which it is 
spreading, whether the high or the low pressure system is obtaining the 
mastery, and whether one system is spreading decidedly over one neigh' 
bourhood to the exclusion of the other. 

Let us ta*ke a few typical maps and see what they show. We hav^ 
first of all, in the map for 8 a.m. on December 25, 1895 (Fig. 11, p. 223)? 
a high-pressure area lying over Northern Europe, a primary depressio''^ 
off* our south-western coasts, and a shallow secondary over the Chann^ *; 
South-easterly winds were then general over Ireland and Scotland, aiB- '^ 
were blowing hard ; torrents of cold rain were falling in the south-east €^^ 
Ireland, some rain and snow over our south-eastern counties, and y&T^^ 
slight snow on the north-east of Scotland ; as the depression filled up thej 
conditions gave way to finer weather. Take next the conditions prevalei 
on February 10, 1894 (Fig. 5, p. 218), when with high pressure ove 
France and very low pressure over the north of Scandinavia, the wind wi 
generally Westerly, moderate to fresh at the southern stations, and stroii| 
to a gale in the north, and the little rain which was reported fell almosr 
entirely over the northern parts of the kingdom. Now let us take the ma| 
for January 16, 1 896 (Fig. 12, p. 223). In this case the barometer is highesi^'* 
over the Bay of Biscay, lowest in a depression over the southern parts of^^ 
Scandinavia, the gradients being steepest over the North Sea. We^^ 
notice that in this case the winds are Westerly to Northerly, and are blow^^^ 
ing hard over the Skagerrack, and strongly over the North Sea and Scot^-^ 
land, in all of which regions squalls of rain, graupel, and snow are prevalent 
while very fine weather is being experienced on the south-west coast o' 
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to 'Britiafa Islands and the west coast of Franca !n the next, and last 
cMe, that of January 3, 1894, and already referred to as Fig. 4, p. 216, we 
have the highest pressures over Scandinavia, and the lowest over the 
Mediterranean, but with gradients slight except in the south and south- 
east The winds we find are Easterly (NE to SE), and blow hard on the 
Dutch coast, through the Straits of Dover, and at the mouth of the Thames. 
luQ weather is extremely cold, and some very shallow secondary disturb- 
ances over the southern half of our area are causing snow squalls, in the 
south-east and east, while in the west and north the weather is fine and 
bright From these four types of pressure distribution it ia evident that 
tile main condition on which the direction and force of the wind depends 
IS the distribution of pressure over the area with which we are dealing ; 
tile strength of the wind varies with the steepness of the gradients, 
tbe parta of the area afTected by disturbed weather depend on their 
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proximity to the region of lowest pressure, or to their be 
by the secondary systems which move round the primary in its 
passage. Given as the statistical condition on which our judgment is 
based, the distribution of pressure at the time of observation— we have 
to consider the rate of fall in the barometer in the different sections, 
and the tendency of the wind to draw cyclonically round any region 
where the fall is most decided — these details point to the direction from 
which new disturbances, if any, may be expected. Temperature plays a 
boat important part as an aid to the other observations, as the ther- 
taometer, no matter how low, almost invariably rises in front of an 
advancing depression, and in some instances the rise is very rapid. 
Again, if two depressions are following one another across the kingdom — 
Bay &om west to east — and the ridge which separates them should pass 
over the country in the night — then, in the winter time, no matter how 
varm and wet the winds of the first disturbance may have been, the 
fall of the thermometer as it passes off is very rapid, and the subse- 
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quent rise as the new one comea on is equally etriking. In this way it is 
recogniBed that if after a South-westerly gale and rain the sky clears very 
quickly, and there is great terrestrial radiation of heat at night, perhaps 
causing sharp frost on the grass, this occurrence is indicative of the early 
advance of a new depression with warm winds and rains, as before. Even 
in conditions when cold North-westerly winds and snow squalls are 
prevalent over our northern and eastern districts, owing to some 
depression lying over Scandinavia, or the eastern shores of the North 
Sea, the approach of any new disturbance from the north-westward or 
northward is heralded by a decided riEe of the thermometer, first at the 
northern, and later on at the eastern and southern stations, accompanied 
by a temporary backing of the wind to West or South-west, 

In Fig. 13 we have a diagram giving a hypothetical instance of a 
distribution of pressure over the Atlantic, showing certain anticyclones 







uvv\^gs 




^'^^^wo 


y^ffv 


rj- ^iS^^MSii ^^ 


/^ 


2iWWv^^^^ 


^Si»^/ 


^ 


^%Swx 




~^^^0{\ 


=5^.^ J 


~^T^>Jrx3r^^ 



with depressions moving along their northern side, and showing every 
form of secondary system referred to in this paper. It is a moditication 

of a diagram published by Mr. Abercromby some years ago in his book 
entitled Weaiher, and is very instructive. 

From the facts that have been all too briefly touched upon it must be 
evident that we still require a clearer and more certain knowledge of the 
nature of the atmospheric circulation ^of the manner in which the air 
rises in depressions, and comes down to earth again in the anticyclones. 
We require some means of ascertaining the movements in the higher 
regions of the atmosphere, and to accomplish this various means have 
been tried. Ballooning has been attempted, but this is unreliable, and is of 
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course impossible just at the time when the indications would be most 
valuable — viz. immediately within the swirl of storms or in various 
positions around them. Guns have been employed for firing shells 
high into the air, where, on exploding, they produce a cloud of dense 
smoke, the movements of which can be watched. A more usual and 
permanent plan has been to build observatories on the peak of some 
mountain — such as that on the top of Ben Nevis in our islands, on the 
Puy-de-Ddme and the Pic du Midi in France, and several others in 
various countries. The observations of pressure, temperature, and 
vapour, made simultaneously at the top and at the base of such 
mountains, are yielding much valuable information to meteorology and 
other branches of physical science; but up to the present they have 
not been of so much service, as aids to the forecasting of weather, as 
it was hoped they might be — ^probably owing chiefly to the obstruction 
which the hill, or range of hills, offers to the wind currents, so that the 
direction and force of the winds recorded are often of a purely local 
character, and do not indicate accurately the general movement of the 
air current in which they are situated. We are consequently thrown 
back upon observations of clouds and their movements. The value of 
such observations is steadily increasing, because much has been done 
to settle the question as to the altitude above the sea at which certain 
well-defined forms usually appear. Take in the first case the Cumulus, or 
heap cloud, in which the particles of water are found to be drawn together 
in large masses, which rise from an almost horizontal base, and often 
tower up, like masses of wool, to a great height. The variations in the 
size and density of such clouds are of themselves of great value in judging 
of coming weather, but the altitude of their base being approximately 
known, their movements show the direction in which the air current is 
travelling in which they (among the lowest forms) are floating. Then there 
are some of the higher forms of Sheet (or Stratus) clouds, which sometimes 
appear as a pall (pallium), and, when broken into detached portions, are 
easily recognised by the form of the cloudlets so developed. These, too, 
show by their movements the direction and velocity in which their air 
current is travelling, and their height can be approximately estimated. 
Still higher we have clouds of the Cirrus type, floating at about 25,000 to 
30,000 feet, or even more, above the sea. Such clouds are readily known 
by their very delicate and filamentary structure, appearing sometimes as 
feathers, sometimes like locks of hair, sometimes like bunches of seaweed, 
and at others in great white masses or sheets, through which the sun and 
moon can be seen, often surrounded by a halo. Much has already been done 
to show the connection between the movements of these clouds and those 
of depressions in their neighbourhood, and much more will undoubtedly be 
ascertained ere long, when an accurate knowledge of the difierent forms of 
clouds and their classification has become more general among observers 
than it is at present. There is, however, a serious drawback even to this 
branch of the work. It is that thick lower clouds often prevent us from 
observing those at the higher levels, especially within the area covered by 
a storm, and we are then unable to obtain the very information we 
require. Observations on or outside the margins of such storms have, 
however, proved of enormous value already, and such observations should, 
if possible, be made more generally. In my opinion they are the most 
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valuable of all the "tallies" on the movements of the upper currents 
which have ever been proposed ; and there can be no doubt that in a short 
time, when the methods of observing them are improved, their importance 
will be more fully recognised. 

It has been frequently suggested that the accuracy of the forecasts 
and storm warnings might be materially improved if we received informa- 
tion daily by wire from the United States, as to the general distribution 
of pressure over North America^ and the storms which had left their 
shores moving eastwards, together with reports of the weather experienced 
by large steam vessels on their way from this country to the United 
States. The system was tried a few years ago for several months. It was 
shown then that a certain number of storms did probably come across the 
Atlantic and affect the weather on our coasts to a serious extent More, 
however, passed away so far to the northward that their influence 
on our weather was not appreciable ; otliers broke up in their journey, 
and the plan was abandoned, because not only was the information 
useless as a direct warning, but because the knowledge that a storm 
was prevailing over the Western Atlantic often caused those on this side 
to issue warnings prematurely. To cry " Wolf ! wolf ! " too often, is 
sufficient to ruin the reputation of any system of warning. 

The proprietors of the New York Herald endeavoured for some years 
to warn our shores directly from the United States, and any one who 
wishes to judge of their success should read Mr. Scott's report of an 
examination into their value published while the system was in progress. 
The warnings were apparently abandoned for some years, but during the 
past few months there has been a resuscitation of them in the Times and 
some other papers. A more lamentable failure it is not possible to imagine. 

Others have proposed that a vessel moored some few hundreds of 
miles to the westward of Ireland, and connected by an electric cable with 
this country, could telegraph information of advancing storms which 
would make the storm warnings almost perfect. From experience of the 
value of reports from an isolated station I must say I have no faith in 
such an experiment, even if the maintenance of the vessel in the position 
assigned to it, and the continuity of the electric communication could 
be kept up. Of the cost I say nothing. I think that at least three 
such vessels would be required, moored say in long. 28° to 30° W., and 
in lat. 50°, 55°, and 60° N., on a line between the Azores and Iceland ; 
The cost of such a system, if it could be maintained, would be enormously 
in excess of its value to mariners. 

This brings us to the close of the first part of our subject. We 
have now to consider briefly in what manner the forecasts and storm 
warnings are made known. 

The forecasts which are issued to the public generally are drawn up 
twice daily — viz. at 11 a.m., from the 8 a.m. observations, and at 
8.30 p.m., from the 6 p.m. observations. The former appear in many of 
the afternoon and evening newspapers; they are posted up soon after 
noon at the Mansion House, and several other places both in the City and 
at the West End, and are supplied for a small annual fee to such of the 
clubs as subscribe for them. The evening forecasts are supplied to all 
the principal newspapers, either directly or through the various news 
agencies, throughout the kingdom, and thus appear on the following 
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ng Id all parts of the BritiBh Islands. Forecasts, prepared at 
.m., to cover the same period of time as those prepared at 8.30 p.m., 
lued gratuitously during the hay-harveet eeason to certain selected 
Iturists in variooB parta of the kingdom ; and any of them (1 1 a.m., 
<.m., or 8.30 p.m.) are issued either by wire, or letter, or personally 
licants, who pay a small fee for the information in addition to the 
: transmission. The auccesB of such forecasts is shown by the fact 
■ear after year the same applicants are desirous of receiving and 
iing (and in many cases of paying for) them, for weeks together. 
is to be understood the forecasts are prepared for large districts 
IB of country, and that at times, when quite right for such districts 
vhole, they are somewhat faulty in certain localities, where some 
irity in the position of a station, with r^ard to ranges of hills, 
es the weather in that region, 
nders the result less satisfac- 

Tbe districts for which the 
!tfi are prepared are shown 
. 14. 

le storm warnings are made 
I by being telegraphed to a 
number of stations on our 

and in these places the fact 
uch a warning has been re- 
is made known to the ship- 
.uthorities and others by the 
ig of a black "cone," which 
^s the probability of rough 
3r — commencing from some 
rly direction, when the apex 
cone is downward, and from 
northerly direction, when it 
ard. The telegram itself is 
ted, in a frame, in some pro- 
t and well-known position at 
ort, and explanatory pamphlets 

the seafaring community at the positions referred to, and are 
led in many nautical works as well. In addition to this the 
ation is communicated to tlie daily newspapers in a manner 
' to that adopted in the case of the forecasts. The results of these 
warnings are very satisfactory, the coast gales being less liable to 
afluences than the ordinary winds and weather at inland stations, 
ver, the fact that warnings are circulated by telegraph increases 
Tactical value, by annihilating so much of the time which is necessary 
) forecasts can appear in print. 

e winds observed not only at the telegraphic reporting stations of 
eteorological Office, but also by the observations made at many 
juses and light-vessels round our coasts, are used in checking the 
cy for these storm' signals, with the result that in 1894-95 no less 
'3 per cent of the warnings were justified by the occurrence either 
M or strong squally winds. In Fig. 15 (p. 228) are two curves, 
from the last annual Eeport of the Meteorological Office, and 




t distributed from time to time 
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showing the improTement which has been observed in this work during 
the past ten years. 

It is sufficient to point ont the gradual increase in the percentage of the 
accurate warnings, and the decrease in the percentage of the unsuccessful 
warnings, in order to show that the work is improving greatly. Of 
course in some years the gales experienced are lesa strong than in other 
years ; and as the warnings have to be issued on very slender informa- 
tion, if they are to reach the coasts in time to be of practical value, it 
happens that in some years the percentage of success will be smaller, and 
that the proportion of warnings justified by strong squally winds to those 
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justified by strong gales will be increased somewhat. These are defects to 
be remedied only by constant study, by a gradual andjudicious increase of 
the area covered by the observing stations, and of accuracy both in the 
observations themselves and in their subsequent transmission by wire. On 
several occasions whole coasts have been needlessly warned, either because 
a wrong barometric reading has been taken at some important station, or 
a telegraphic error has crept into the message in course of teansmission ; 
and the only thing to do was to act promptly and warn the coasts, or to 
risk the advent of a bad gale without the coasts having been warned. 

Here I must close. Much has been left unsaid which might have been 
said if time permitted ; but all that has been attempted has been to 
explain the broad principles which are acted on in canTing out the work 
of forecasting the weather and warning the shipping of the British 
Islands. 
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PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 



March 18, 1896. 

Ordinary Meeting, 
Edward Mawley, F.R.H.S., President, in the Chair. 

Albert Morley Clarke, All Saints Terrace, Witham ; 
James George Hawthorn, 41 East India Dock Road, E. ; 
James George Holmes, Thome Lodge, Oakfield Grove, Clifton, Bristol ; and 
Harry William Taylor, Newbum-on-Tyne, 
were balloted for and duly elected Fellows of the Society. 

Mr. Frederic Gaster, F.RMetSoc, gave a Lecture on " Weather Forecasts 
and Storm Warnings : How they are prepared and disseminated,'' which was 
illustrated by instruments, diagrams, and lantern slides (p. 212). 



April 15, 1896. 

Ordinary Meeting. 

Edward Mawley, F.RH.S., President, in the Chair. 

Robert Fortescue Fox, M.D., M.RC.P., Strathpeffer Spa, N.B., 
was balloted for and duly elected a Fellow of the Society. 

The following communications were read : — 

"The Mean Amount op Cloud on each Day op the Year at the 
Royal Observatory, Greenwich, on the Average op the Fipty Years 
1841 to 1890." By William Ellis, F.RS., FRMetSoc. (p. 169). 

"Atmospheric Dust Observations from various parts op the World." 
By E. D. Fridlander, RSc (p. 184). 

"Analysis op the Greenwich Rainfall Records prom 1879 to 1890, 

WITH special reference TO THE DECLINATION OP THE SUN AND MoON." By 

Major H. K Rawson, R.E., FRMetSoc (p. 203). 



CORRESPONDENCE AND NOTES. 

Extraordiiiary High Barometer Readings. — Dr. Hann writes, with 
reference to Dr. Woeikofs notice of extraordinary high barometer readings at 
Bamaoul and Irkutsk, quoted at the end of Mr. Scott's paper (p. 157), that he 
himself, in the Zeitschrift der Ost Met. Gesellschaft, vol. xvii. p. 96, had cited 
the following readings for December 16, 1877 : — 

Tomsk, 73*5 metres above sea-level, reduced to 0° C, 792*8 mm. 

Omsk, 80-0 „ ,, „ 790*1 mm. 

Tomsk therefore gives 31 '213 in. Omsk 31*106 in. 
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The Tomsk reading appears to Dr. Hann to be the highest reading actually 
observed, as the absolute level of the station has been pretty accurately determined 
by the Siberian Survey, and is only 73*5 metres, so that the correction for 
altitude is reasonably safe ; accordingly the corrected reading at sea-level is 
801*4 mm. or 31.65 inches. 

River Bars and Ocean Currents. — I would beg to report on the above 
subject to your valuable Society, for the purpose of obtaining any advice and 
assistance in furthering what I trust may prove of practical advantage. 

The Buffalo River. — Ten years' acquaintance of our Bar has led me to deduce 
a theory as to the principal causes of the deposits and dispersion of the sand at 
the river entrance, for this sand, as in many other rivers, proves a serious obstacle 
in its development. At certain seasons of the year, changes may be expected in 
the depth of the water, and direction of the fairway or channels ; thus, from the 
spring to the autumnal equinox, a straighter and deeper channel is anticipated, 
while during the winter months the shoaling generally spreads out with a more 
easterly channel. Drift currents seem to make no perceptible alteration in the 
Bar, even combined with gales of wind and heavy south-west seas. 

Ocean Littoral Currents.— The Tropical or Agulhas current is the surface 
and prevailing one, the maximum temperature in the roadstead is found to be 
79* during summer months, but slightly colder nearer shore. In the winter 
this current is about 65°, and occasionally we find it 6** or 7° warmer at the 
bottom. Matter in suspension can be traced at times by filling a bottle with 
water, and after settling, about a grain has been found. 

The Polar or Antarctic current, termed an inshore current^ is of the greatest 
interest. It is more rarely found during the winter, but it appears during the 
summer, or from spring to autumn, with a minimum temperature of 53°. A 
difference of 20** in temperature in the roadstead has been found between the 
surface and bottom in ten fathoms of water, say from 76** to 56°. When there 
is this marked difference in the temperatures, there are signs of unusual dis- 
turbance on the sandy portions of the coast-line and river Bar, the surf having 
then much sand in suspension, but at other times with a normal temperature abovi 
and below, the heavy breakers on the beach are apparently free from sand. 

A " Black " South-easter, a gale accompanied with thick misty rain, has greats 
effect in dispersing the sand and deepening the channel, the wind veering fro 
South-west to South-east with a cross sea. At the time a colder change of 
temperature is found, decidedly favouring the theory that the colder currenf 
on the bottom acts as a strong scour in active opposition to the warmer current-z^" -«t 

Bar Improvement. — I have found that a vivid display of lightning on th^ 
south and south-wiest horizon behind a low batnk of heavy cumulus often giv 
evidence of an approach of the colder or Antarctic current The coast-line givi 
evidence that the colder current scours and prevents sand deposits, for 
exposed headlands and reefs are clear of sand on the southern side, while a sand' 
deposit is found on the northern side, or where it comes out of the influence 
this Antarctic current I have used the deep-sea thermometer since 
1894, and have taken nearly one thousand temperatures of both surface 
sea bottom, and am convinced that very interesting and practical informatio^^ii^n 
can be obtained from it, combined with the hydrometer and other instruments''^ 
I have failed to discover any difference in the specific gravity of these curren^^^^ 
by the common hydrometer I am using, excepting in the. river, where the ig"^^^' 
dications have been very satisfactory. Any correspondence on this questicr:::^^ 
would be gladly accepted from you. — A. E. Pakkman, Master Mariner, Coa.- -^ 
Mail Packets Co., East London, Cape Colony, April 17, 1896. 

Specific Gravities and Oceanic Circulation. — Dr. Buchan in his Rep(^^ 
on Oceanic Circulation, which wajs based mostly on the observations made c?X7 
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board H.M.S. ChcUlengeTf gave a chart in which the specific gravities dealt with 
were all at the standard temperature of G0°, the standard density being that of 
distilled water at 39°*2. By this method of treatment the question of the 
salinity of the water is approximately shown, which is one of the most 
important fiftctors in the physics of the ocean. The movement of the water, 
however, depends on the specific gravity at the temperature observed ; and Dr. 
Buchan has dealt with this in a paper in the Transactions of the Royal Society of 
Edinburgh, vol. xxxviiL part iL His conclusions are as follows : — 

The prevailing winds, in their direct and indirect effects, are the most 
powerful agents concerned in oceanic circulation. They originate and maintain 
the surface currents of the ocean, and the influence of these currents is, through 
friction, felt to a depth of probably several hundred fathoms. In intertropical 
regions the prevailing Trade winds drive the surface currents westward to* the 
eastern shores of the continents, and there, accordingly, a greater depth of warm 
water is found occupying the upper layers of the ocean than elsewhere; and, except 
where the rainfall is abnormally heavy, this water is not only very warm, but 
it has acquired from evaporation a salinity much higher than the general average 
of the ocean. The results over the face of the ocean have been already described, 
and may be studied in greater detail on Map I. of the Challenger Report It is 
one of the most remarkable resvdts of this inquiry that these areas of high 
surface temperature and high salinity are found represented at all depths down 
to the bottom, with just a tendency to an extension of the areas with increase 
of depth. It follows that, waiving in the meantime what takes place at the 
bottom, the great mass of the ocean intermediate between the upper layers and 
the bottom exhibits principally vertical movements. 

On the other hand, on the eastern sides of the oceans whence the Trade 
winds start on their course, there is an upwelling of the colder water of the 
greater depths towards the surface in a manner similar to w^hat Dr. Murray has 
shown happens in the case of our Scottish lochs when strong winds sweep over 
their surfaces. In such cases the warmer surface water is blown to the leeward 
shores of the lochs, and colder water, by upwelling, rises to the surface on the 
wind-shore of the lochs. These cold areas of a lower surface temperature and 
salinity are also continued down to the bottom, with a tendency to an expansion 
of the areas with descent 

The ice-cold water which occupies the bottom of the ocean in all latitudes 
necessitates a constant supply of water of a very low temperature from the deep 
water of the Southern and the Antarctic Oceans, and in a less degree the Arctic 
Ocean. This slow moving current of cold water along the bottom of all parts 
of the ocean is effected, on the one hand, by the reduction, in the intertropical 
regions, of the surface waters by evaporation and by the extratropical prevailing 
winds blowing polewards, and on the other by the greater specific gravities of 
the ocean in high latitudes, and the *^ head " of water accumulated there by the 
prevailing South-westerly winds of the northern and the prevailing North- 
westerly winds of the southern hemisphere. 

The increase of the temperature, which may be considered as setting in 
from 1500 fathoms upwards to the surface, implies that this excess of 
temperature has its origin wholly in the surface temperature. The restricted 
extent and continuity through all depths of these two contrasted areas may be 
regarded as the balance struck by the forces which produce the upward move- 
ment) in lifting the cold water of great depths towards the surface, and the 
downward movement of transferring the surface warmth to greater depths. The 
result would have been materially different if the depth of the ocean with 
respect to its extent had not been so insignificant as it is. But additional 
experiments on a large scale, and observations, are needed before these upward 
and downward movements in the ocean, which are conducted on so vast a scale, 



Wt ^/JKOX^JTJiS^'JL JLSIr 5^7ns 



^i^ '4 wi,^>Ji^ ^H \:Xi^jnoJU.j Iaaxtj mri"^. sash, m oeeszs i& lae w-«sc •:£ :u 
fvi^. ^ riifiK^fx,^vuU U 4 i-:<CL {«&;«£»£:?& mi iptd&c gnvxlT &t»l ae 
J4^fU(niitt»^!^u^ naA h^A .S^hm ; tAfc <sacaie» laa^^ to iht cKUasrt vpveHiK «b 
lA il^ l<%<^ik t// t^i^ 46>atLHuai </ tLe SudvkJk Iik% and sttiogoos y^Mrr^-am 
ir» U#^ Athattie «Ad liAlxu */f:fgaA, wicch ade e26cdT ecwneeted with tke sip^ 
/>! * y/fii^nt fA Um; waUfT fA tht gnat stHaoc; eumsits of these oceans ; aai sbe 
inU^'/j/i/AJ f/xnik^si ^>f ibe lioe of k^ve^ mean bazometiic {veaEoie, resclxz^ 
)ri a Uftttp^ftiUnt^, tntwh hif^htr m tKe Xcvth tlian in the South Atlintk, and 
mti^h hii(^tffr in X)t*i H^itb than in the Xorth Pacific Ocean. 

TfpM of ▲sitriliail Waathor. — In continuation of the raloable work on 
AtiHralUn MHer/rol/zj^y wh]/;h the Hon. Ralph Abercrombj initiated in Deoemher 
\HUtt Sfj fffft^nn a money prize for the beat essaj on Soatherlj Bnntcf% 
)m \tM rp/'A!iii]y mhntiM the phaMeii of Australian Weather, which have been 
irMit«'''l iff a |;a|ier by Mr H. A Hunt, the second Meteorological AMi«t j>Tit at 
i)m Hydfmy ()\mnrvfiUfry, Many of the tjrpes appear to be peculiar to Anatnliiy 
uw\f at th<5 Mitne time, (x^nnected with equatorial and other weather. They 
throw much tmw light ujjon the Murce of the greater part of Australian rain, 
ntu\ nhtiw how thewe rain nUmnn develop out of ordinary weather conditions, 
'rhtiy nlmt fonti an important (xmtribution to the study of weather in the 
wiutii(«rn hfimiMphnro gisnorally. 

An h gnm^ml nilo, wcathor is set fine when anticyclones move rapidly, and 
111 n nimlght linn acnmH Aimtralia, i.e, at a rate exceeding 500 miles a day; 
ntul thfl WMiithnr in timiotthMl whon thoy move slowly, and not in a straight line, 
hut hi a Kig Kug cotirmi, oii]M!cia11y if they show no appreciable forward motion 
lot* ti ihy or two. Whun anticyclones move in low latitudes the conditions 
IHvotu* dry woalhor; but in high latitudes, wet weather, especially if they 
I'ont f(M* a tinto miuth of South Australia. 

Mr, lluut hon givou twonty typos of Australian weather, each of which he 
\\i\n (thtntrntod with ropioH of tho Sydney Weather Charts. The following is 
ilio llnl of lypon: ^^l) Moving Anticyclones; (2) Monsoonal Rain Storm; 
y\k) \h^y\A\\\\\\m\\ of 1^ (\volouio Storm in low latitudes from a Monsoonal 
Oopi^^luu ; \^) l>o\*\»h>pmout of a Cyclonic Storm in high latitudes from a 
Mounooiml IVpivwiou i {ti) t\mdition« favourable for Thunderstorms; (6) 
l\vvhmio Thu«\l<»r«itunu* ; v*^ VorUoaland nearly straight Isobars; (8) Cyclones 
t\Mm NwHh wtHit i v^^^ i\voK\m^ ftxnu North-east; (10) Tornadoes; (11) 
H\mth ^M^M tU^o^i vt^"* lVwlopmf>ut i^ l\cK\nee fiom a a Depression; (13) 
NNVnU^vl^v \V<u^W; v^^^ SvHUhotVv Hut*t^W : (l5^ Black North-easter; (16) 
WiiUxU bWi\V|t *Vj?^iuM tj^Uvii^ ; v^"^ Summer Anticyclone; (18) Winter 
A^^t\o.\vUM\<i^ i v^^^ S^^UAW W*UhI V lV^vtt«i<m : v^t>^ Advent of an Antarctic 

St>N^^m 

Mb^iftrM O Kw i lT lliioilt. A ^ vNf Tiibl<<^ of IVuly Meteorological Means 
At tho \l^l^i^» \Mv^NVVAt\>ry W ji^<^ W<^ i«j^)Md by Mr. C Michie Smith, the 
\^^NvHm\'.'^ut \M\\N^NttH>i\ 1"V *^^^*u^^ar^>^ injJ taVie $iT« the monthly and 
^^^>\^A^ v^x\^^» ^NT ?^^xvml ^^^ tW <V«»*tJv wV,^^')^ aw bawd on the following 
w^^Sk ^NKw,^\^^\x*Mt : tVAWNW^^tt'^x >v'^ >\HaT^ i$4^-^;^ : TwBqwtatnne and Cloud, 
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Monthly and Annual Means^ Madras Observatory. 
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Climate of Bnwenzori. — Mr. G. F. Scott Elliot, in a paper read before the 
I^oyal Geographical Society in April 1896, on his expedition to Ruwenzori and 
Taoiganyika, gives the following interesting particulars of the climate, and of the 
<^loii^ on Ruwenzori : — 

** I found the climate of Ruwenzori a peculiarly trying one in most spots. 

Ul> to 6000 feet one is quite as liable to fever as on the Uganda plateau, or even 

liiore 80. At about 7000 feet the perennially humid forests begin, and even at 

^^is height in the bottom of the valleys, e.g. in my camp at the Wimi valley, 

oxie scarcely had an hour's simshine, and everything was permanently humid. 

^^is wet condition prevails up to the height of at least 13,000 feet Hence it 

^* only on projecting bluffs or ridges at about 6000 feet that one has at all a 

^^^V eUmate. On a few favoured spots such places are really magnificent, and 

^Tc^^ enjoys excellent health. I am bound, however, to say that I saw no spot to 

^ thoroughly recommended as a sanitarium. 

" The most curious feature of Ruwenzori is the white cloud which envelopes 
^^^ upper mountain. In the morning this cloud is at an average level of about 
*^000 feet, but is very much lower in the valleys, sometimes descending to 6000 
feet It is also lower at the north and south ends of the chain, where the 
mountain itself is not so high. The forest follows the average level of the cloud 
most closely, descending lower in the valleys, and also to north and south in the 
same way. It seems to me pretty clear that the moisture-laden winds, after 
passing over the swamps of Uganda and Victoria, are intercepted by the moun- 
tain and there condensed. 

" The peculiar feature of Ruwenzori, however, is the manner in which the cloud 
rises. Beginning about 10 a. m. to ascend, it slowly climbs upwards all day, and 
eventually vanishes away about 6.30 p.m., when one gets the only chance during 
the day of seeing the snow-peaks. This seems to me to be due to the mountain 
becoming more rapidly heated by the sun than the plains below, leading to an 
upward current of air. About this time (6.30) the whole mountain-side is 
strongly heated, and this explains another curious feature of the mountain. 
In those valleys which lead directly to the base of the snow -peaks, e.g. the 
Mubuku, Wimi, and Butagu, an extremely violent wind (almost a hurricane) 
blows down the mountain from about six to seven, then dying suddenly away to 
nothing. This is simply the cold air from the snow rushing down to the heated 
lower slopes. This wind does not occur on the evenings when there has been 
rain on the lower parts, which is what one would expect. Sometimes at the 
same moment there are, in an upper current of the atmosphere, clouds moving 
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towards the upper peaks. Of course these conditions make all kinds of work 
and especially mapping, very difficult. It is almost impossible to know when 
one is, and it was not till I had been more than five weeks about the Yeria and 
Wimi valleys that I discovered that the snow-peaks lay several miles to the 
south-west, and much nearer the western sides of the mountain." 



EECENT PUBLICATIONS. 

Arnerimn Meteorological Journal, Yo\. XIL Nos. 9-11. January — ^Marcl 
1896. 8vo. 

The principal articles are : — The audibility of Fog Signals : by Prof. H. A 
Hazen (3 pp.). — Atmospheric phenomena in the Arctic regions in their relatioi 
to dust : by Prof. W. H. Brewer (6 pp.). — The rainfall of the Malay Archipelago 
by Prof. A. Woeikof (8 pp.). — Psychrometer studies : by Prof. H. A. Hazei 
(6 pp.). — The diurnal oscillation of atmospheric pressure at the Peruvian stationj 
of Harvard College Observatory : by Prof. S. J. Bailey (5 pp.). — Cyclones anc 
anticyclones : by Prof. H. A. Hazen (16 pp.). The object of this paper is reall} 
a plea for atmospheric exploration. 

Annales de rObservatoire Mdtdorologique de r University Imp^riale d Odessa, 
Par A. Klossovsky. 1895. 4to. 1896. 

This work is in the Russian language, but Dr. Klossovsky has considerately 
published a French translation of his report, which shows that his system is very 
active indeed. At the close of the report he gives a 'sort of syllabus of the 
course of instruction in Meteorology which he proposes to establish at thi 
observatory. It consists of three cycles, probably intended to fill up threi 
terms. The scheme embraces several branches of science which are not usuall;; 
classed under Meteorology, such as the rating of watches. The patterns o« 
instruments employed at the observatory are almost exclusively continental 
chiefly Russian or French. 

Annuaire de la Socidtd MdtSorologique de France. Tome XLIII. 1895 
Avril — Juin. 4to. 

The principal articles are : — Sur la plus anciennne s^rie frangaise d'observa 
tions thermom^triques et m^t^orologiques : par C. Maze (6 pp.). — Le premie 
thermomfetre k mercure : par C. Maze 2 (pp.). — Les orages k Em^e depuis 2« 
ans : par M. Gougis (2 pp.). — Le grain k arc : par C. Labrousse (1 p.). 

Aus dem Archiv der Deutschen Seeimrte, XVIII Jahrgang. 1895. 4tc 
1896. 

The principal meteorological articles are: Oberflachentemperaturen un» 
Stromungsverhaltnisse des Aequatorialgiirtels des Stillen Ozeans : von Dr. C. Pu] 
(38 pp. and 4 plates). — Vergleichende Regenmessungen an der Deutsche 
Seewarte : von Dr. W. J. van Bebber (14 pp. and plate). — Die Isobarentype 
des Nordatlantischen Ozeans und Westeuropas, ihre Beziehungen zur Lage an 
Bewegung der barometrischen Maxima und Minima: von Dr. W. J. va 
Bebber und Dr. W. Koppen (27 pp. and 23 plates). 
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Meteorologische Zeitschrift. Redigirt von Dr. J. Hann und Dr. G. 
Hellmann. December 1895 — April 1896. 4to. 

The principal articles are : — Die jabrliche Periode der Stiirme in Europa : 
von G. Hellmann (9 pp.). This is an enquiry into the annual period of storms 
in Europe based entirely on anemometrical results from definite stations. Dr. 
Hellmann laments that in many countries there are no printed anemometrical 
results, but he has taken the trouble of examining the Quarterly Weather Report 
for 16 years to take out the storms for Valencia, Falmouth, and Eew. He 
assumes different storm values for each station, viz. in miles per hour : Valencia 
50, Falmouth 45, and Eew 36. He gives monthly percentages for 59 stations, 
and shows that over a great part of Europe storms are not most frequent in 
winter, as is the case in the British Islea At San Fernando, e.^., 45 per cent of 
the storms are in March. Several stations have a comparatively calm January, 
but only one, Windau, near Riga, shows an approach to the maximum at the 
autumn equinox. Dr. Hellmann concludes by saying that the belief in 
equinoctial storms is reasonably justifiable in many parts of Europe, inasmuch 
as the period of storms lies between the two equinoxes, beginning after the 
autumn and ending before the spring equinox. — Die vertikale Eomponente der 
ablenkenden Ejraft der Erdrotation in ihre Bedeutung fiir die Dynamik der 
Atmosphare : von A Sprung (6 pp.). This is a criticism of, and reply to. Dr. 
Ekholm's paper on the same subject which appeared in the Zeitschrift for 1894. — 
Temperaturbeobachtungen an der Schneedecke, wahrend des Winters 1894-5 zu 
Aachen : von P. Polis (11 pp.). The author instituted a series of observations 
on the temperature of the snow surface at Aix-la-Chapelle in the winter of 1894-5. 
He summarises his results as follows : — 1. The temperature of the surface is in 
general below that of the air, but under the surface, even at the slight depth of 
5 centimetres, the reverse takes place. 2. The difference of temperature between 
snow and air increases with decrease of cloudiness and rise of temperature, but 
the amount of doud always influences the temperature of the snow surface. 
3. With snow or fog and with great humidity the snow surface is generally 
wanner than the air. This seems to the author to be due to the fact that an 
overcast sky checks radiation, while in addition the latent heat of moisture 
condensed by contact with the snow tends to keep up the temperature. 4. With 
reference to the differences between cyclonic and anticyclonic conditions the snow 
surface temperature may be considered as a function of the direction of the wind : 
East winds reduce it. West winds raise it. 5. Strong winds raise the surface 
temperature, calms lower it. 6. At Aix-la-Chapelle the evaporation from the 
snow was greater than the condensation on it. 7. The density of the snow is 
proportional to its conductivity for heat — Merkwiirdige Form von Hagel-Wolken: 
von R Streit (1 p.). This is an account of an extraordinary cloud seen over the 
Alps from Venice in 1895. It is illustrated by three sketches. The remarkable 
feature was that out of a cumulus a cylindrical cloud rose, and out of this a second 
cylinder of smaller diameter. The whole thing looks like a huge wedding cake 
with a protuberance with three peaks at the top of all. The phenomenon pre- 
ceded a terrific hailstorm in Venice. — Das meteorologische Beobachtungsnetz von 
Boenien imd der Hercegovina und dessen Gipfelstation auf der Bjelasnica (8 pp.). 
This is an account of the development of meteorology in the territory occupied by 
Austria in 1879. There was no attempt at observations prior to this, and the 
answer to every one who asked a native about the weather was that it came '* as 
God gives it" The Duke William of Wiirttemberg, the first military governor, 
began the work, and it has gradually grown until it now numbers 77 stations, 
of which 3 are of the first order and one a mountain station on Bjelasnica over 
6000 feet high. The greatest credit is due to the Austrians for their zeal in 
organising this system. — Das Klima Centralasiens nach den Beobachtungen von 
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Prschewalsky : von A. Woeikof (2 pp.). This is a summary of the author^s papM^-; 
originally published in Russian, on the information as to the climate of Oentnl i 
Asia which is supplied by the four expeditions of the famous Russian traveUec. 
Unfortunately no spirit thermometers were taken, and in each winter a few daji^ 
observations were lost, as the mercury was frozen. The means are, of coimc^ 
mainly guesses, as the expeditions Mere continually on the march, and nhmng^ 
of level, etc., at the stations were constant Among the most interesting fiieti 
are those relating to the extension of the rains of the South-west Monsoon into 
Thibet, and even farther. — Resultate meteorologischer Beobachtungen zu Boromft 
in Siidafrika : von J. Fenyi, S. J. (9 pp.). The R C. mission station of Boroma Uei 
about 10 miles north-west from Tete on the Zambesi in 16° S. lat., and so ii 
not very far from Blantyre. It has been provided with an outfit, which, howevei^ 
did not include a mercurial barometer, owing to the difficulties of transport TIm 
barometer observations were therefore taken by a Richard barograph with liypio- 
meters to check it. The observations have, however, been very carefully caniod 
out, the hours being 7 a.m., 2 p.m., and 9 p.m., and these were kept as punctnilfy 
as was possible. Father Fenyi has discussed them very thoroughly. One renuok* 
able phenological phenomenon is noticed, that several trees blossom and bear flndft 
during the dry season. The observer specially notes this, and says that the earthi 
even at shallow depths, is always damp and is very warm. The diurnal 
of the barometer is remarkably uniform and constant, and is not afifected bj 
or even thunderstorms. — Ueber die Einwirkung der vertikalen Komponento J 
der Ablenkenden Kraft der Erdrotation auf die Luftbewegung : von Dr. N. j 
Ekholm (8 pp.). This is an answer to a paper by Dr. Sprung which appeared J 
in the Zeitschrift for 1895. — Der Thalwind des Oberengadin : von Dr. B^ 
Bill wilier (10 pp.). This is an abstract of a paper by the author in the AnmUm 
of the Central Meteorological Office of Switzerland for 1893. It is a fiirthcv 
development of a paper on the same subject by the same author in the Zeitmhfjfi 
for 1880, which was noticed at the time in the QuarUrly Jowmal, voL "fi 
The recent investigations have been carried on by means of two laige aoile 
Richard barographs, of which one was at the Maloja itself, and the other tX 
Be vers, distant 14 miles from, and 328 feet lower than, the Maloja, the top of 
the pass. The local wind blows down the valley, instead of up it, and th e w ia re 
in a direction contrary to that of most valley winds. Dr. Billwiller attributas 
this peculiar motion to the circumstance that the air over the plain of Italy is 
expanded by heat, and produces an excess of pressure at the Maloja, over that 
at Bevers, thus generating the current 

Proceedings of the Royal Institution of Great Bntain, Vol. XTV. Part r ff - 
No. 89. 1896. 8yo. 

This contains a full abstract of two lectures, bearing upon meteoiologji 
delivered at the Royal Institution during the session of 1 895, viz. Atmospharie 
Electricity : by Prof. A. Schuster, F.R.S. (17 pp.) ; and Ph^nom^nes physiqiies 
des hautes regions de Tatmosphere : by Prof. Alfred Cornu, F.R.S. (1 1 pp.). 

Si/mons's Monthly Meteorological Magazine. February — June 1896. 8t0i 

The principal articles are : The high pressure in January (2 pp.). — ^Violant 
lightning stroke in South Devon (1 p.). — Extreme heat in Australia in Jannaiy 
1896 (6 pp.). — The American Meteorological Journal (2 pp.). — The worst gde 
of the 19th century in the English Midlands (14 pp.). This storm crossed 
the country from South Wales to Lincolnshire between 11 a.m. and 4 p.m« on 
Sunday, March 24, 1895, travelling at the rate of 58 miles an hour. — Fo§^ Mist| : 
Haze (2 pp.). 
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THE EXPOSURE OF ANE]^OMETERS. 

By RICHARD H. CURTIS, RR.Met.Soc. 

[Read May 20, 1896.] 

Ths proper exposure of anemometers is a subject of great importance 
to wluch but little attention has hitherto been paid. The practice has 
generally been to erect such an instrument on the roof of an observatory, 
without giving special consideration to the suitability of the building for 
the purpose, or to the effect it would be likely to produce upon the wind 
dUTents, and through them upon the records of the anemometer. 

It only requires, however, a moment's consideration of the subject, 
to 866 that a house, of even moderate size, can hardly fail to produce 
a considerable effect upon a stream of air, moving at the speed of a 
moderate wind. Such a stream would have its motion arrested, and 
would to a greater or less extent, dependent upon the shape and size of 
di6 house, be deflected upwards, and thrown over the top of the building. 
The height to which this deflected current would rise would obviously 
depend largely upon the strength of the wind ; and unless the cups, or 
plate, or vane, be placed sufficiently above the roof as to be clear of 
the disturbance thus caused, the record obtained from the instrument 
must necessarily be prejudicially affected by it. 

It is an unfortunate circumstance that the neglect of this considera- 
tkm in the erection of anemometers has, in some cases, introduced an 
dement of doubt into long series of observations, obtained at the cost of 
much labour, time, and money. 

This statement is supported by a note on the exposure of the 
Bobinson Anemometer at Holyhead, which appeared in the Eeport of the 
Meteorological Office for last year,^ in which attention is called to some 
peeuliar results obtained from a comparison of the records of that 

' Sqpoft cf the Meteorological Council for the year ending March 31, 1895, Note C. 
p. 29. 

R 
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instrument with those of Sir G. G. Stokes' " Bridled " Anemometer, erected 
a short distance away. These results bring out very clearly the effect 
[Hxiduced upon the anemometer by the buildings which immediately 
surround it. 

Since that note was prepared the " Bridled " anemometer has been 
removed to a much better site, although in its new position it is not many 
yards more remote from the Eobinson instrument than it was before ; 
and at the same time there has been set up by its side one of Mr. Dines' 
new Pressure Tube anemometers. 

There are therefore at this moment three anemometers at Holyhead, 




Fia. 1.— View of the Lighthouse a-wl Railway Sheds from Salt Island, looking 3( 
(Low water, spring tiile). 

working under conditions which allow of a direct comparison being made 
between their indications ; and as such a comparison has been carried on 
continuously since the beginning of October 1895, I have been allowed, 
by the kindness of the Meteorological Council, to bring the results before 
the Society. 

Before doing so, however, it is necessary that I should explain in 
some detail the positions of the instruments. 

The old harbour at Holyhead is formed by a stone pier, which extends 
from west to east for it distAncc of about 360 yards, and is then continued 
for a further distatico of 170 yards by a close-piled wooden jetty, which, 
however, takes « diroctiim slightly to the northward of east. The southern 
face of the pier is vortical, but on the northern side it has a ramp, sloping 
down to the sea at an angle of about 1 6°. At the eastern end of the pier, 
where it is joined by the jotty, there stands a circular stone lighthouse, 
on the top of the disused lantern of which the cups of the Robinson 
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Anemometer are placed, the recording apparatus beisg inside the lantern ; 
the roof is curved, and the cupa are about 5 feet above ite apex, and 63 
feet above the floor of the pier. Immediately at the baee of the tower, 
&nd extending for about 100 yards to the eastward and 150 yards to 
the westward, are railway sbeds, tbe pier being the point of departure 
and arrival of the Irish mail steamers. These sheds are open at the 
western and eastern ends, and along their southern front, but are closed 
on the northern aide. The roofs are not uniform in height or shape ; 
from the tower eastwards a girder roof is used, whilst from the same point 
westwards there are two ridge roofs, one of which is slightly higher than 




'~^e other. Speaking generally, the cups of the anemometer are 30 feet 
-Qabove the roofs. 

The floor of the pier is li^ feet above mean sea-level ; but on the 
north the slope is carried up about 10 feet higher, and near the light- 
house it is further surmounted by a low wall, the top of which is about 
15 feet above tbe general level of the pier. 

At the western end, just at the commencement of the pier, there runs 
out to the northward, and therefore at a right angle to tbe pier, an 
embankment known as Salt Island, which forms the eastern boundary of 
the Harbour of Refuge. There are a few buildings at the southern end 
of the island, close to the pier, but they are low and detached ; and the 
island may be described as an open stretch of grass, about 16 feet above 
Qtean sesr-level, and extending for about 550 yards to the north of the 
pier. It is on the extreme northern point of this island that the "Bridled" 
and " Tube " anemometers are now placed, and in this position they have 
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a perfectly free exposure in all directions ; the cups of the'bridled instru- 
ment are now 21 feet above the ground, whilst the vane of the tube 
instrument is 44 feet high. From the spot occupied by these instruments 
the old lighthouse is distant 625 yards to the south-east by south. 

Apart from the structures immediately surrounding the lighthouse the 
general exposure of all the instruments is good. To the southward the 
country, though undulating, has no important hills; and the town of 
Holyhead to the south-west is not sufficiently near, nor are the buildings 
of sufficient size, to produce much effect upon the instruments ; to the 
west is Holyhead Mountain, an isolated hill 709 feet high, but about 
2^ miles distant; and from thence, through north round to south-east, 
there may be said to be a sea horizon. 

Two sets of comparisons have been made — one between the records 
of the " Tube " and " Bridled," and the other between the " Tube " and 
"Robinson," anemometers. 

As regards the first of these it will be sufficient to say here that it 
has revealed what appears to be an error either in the scale-value, or in 
the zero- value of the scale (or perhaps in both) of the " Bridled " instru- 
ment; and assuming the "Tube" record to be correct, as I think we 
may safely do, the values hitherto obtained from the " Bridled " instru- 
ment are apparently from 6*5 to 9 miles too high. In the note already 
referred to, one of the conclusions arrived at, upon the assiunption that 
the " Bridled " anemometer gave the true velocity, was that the Robinson 
record was always too low ; but in the light of the results now obtained it 
is clear that this statement requires some modification. The change in 
the site of the former instrument must also be borne in mind when com- 
paring the figures used in the first comparison with those obtained since 
the change was made. 

The results of the direct comparison between the "Tube" and Robinson 
anemometers are, however, of more general interest. 

The Robinson instrument is of the " Kew pattern," i,e. it has cups of 
9 inches diameter, and the distance from the centre of the cup to the 
spindle is 2 feet; the scale of the instrument is based on the usual 
factor (3). 

The method followed in making the comparison was to take the run 
of the cups in sixty consecutive minutes, and to correct it to the equivalent 
value, using the factor (2*2) instead of (3). The mean value for the 
corresponding interval as given by the "Tube" instrument, was then 
taken by estimation from the record, and the difference between the two 
obtained. I may remark here, that although the mean value of the 
* Tube " record was got by estimation, it has been found that with a little 
practice this can be done with a close approach to accuracy, and the 
difference between the values for a given hour, obtained by independent 
tabulators, seldom exceeds ± 1 mile. 

The values were then arranged according to the direction of the wind 
under eight points, and afterwards the observations under each direction 
were grouped according to the velocity in 10-mile groups; e.g, all the 
observations of wind from North in which the force ranged from 26 to 35 
miles per hour, as shown by the Robinson instrument, were put together, 
and the mean difference between the records of the two instruments 
obtained ; and similarly for each of the other seven points. No observa- 
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t^ion in which Jbhe force was less than 11 miles per hour was used, and 
tilie lowest group included all velocities from 11 to 25 miles per hour. 

The results are best shown by Table I., in which the mean differences 
lander each grouping are given, together with the number of observations 
£roin which they were obtained. 

Taking first the means of all the observations under each point, 
irrespective of velocity, it will be seen that when the wind blows from 
INorth, South-east, and South, the record of the Robinson instrument is 
^rreaier than that of the "Tube" instrument; whilst with winds from 
lEkist) South-west, West, and North-west, it is less; with a North-east 
'^vind, however, the record by both instruments is the same. 

If in the next place we examine the groupings under velocities, it will 
\ye noticed that generally the amount of the difference varies directly with 
"fche force of the wind, but to this rule South-west winds offer a marked 
exception. 

A satisfactory explanation of these facts is, I believe, afforded by the 
c^escription of the site of the Robinson anemometer already given. It 
'vrill be remembered that on the northern side the sheds are closed, and 
'tshese, together with the face of the pier, present a considerable obstacle 
to a wind striking normally against them. The result is, that the hori- 
zontal motion of the wind is arrested, and a stream of air is throAvn up 
^ibove the buildings, where, at a certain point, there will be an excess of 
"wind, caused by the deflected current meeting and mingling with the 
stream of air proper to that level. The height to which the deflected 
current will rise depends no doubt upon the strength of the wind ; quite 
near the roof I should expect to find less than the proper force of wind, 
whilst at a height above it of probably 40 feet, or less, the current will 
1)6 normal again ; but it is evident that in this instance the cups 30 feet 
above the roof are well within the disturbed area. 

The same reasoning will explain the excess experienced with South- 
east and South winds ; for although these blow into the open front of 
the sheds, yet there is no egress for the air at the back. The sheds there- 
fore become filled with air, compressed by the force of the wind ; and the 
result produced is similar to that caused by the wind striking against the 
closed northern side — the air current is forced to rise, and flows over 
above the roof. 

When, however, the wind blows in the direction of the length of the 
sheds the result is very different. Now the sheds act as a large conduit, 
into which the air is sucked, and drawn down from above ; with the result 
that less than the normal amount of wind reaches the cups, and their 
record is therefore too small. This effect is most marked when the wind 
is from the West, because one opening into the sheds is almost im- 
mediately under the tower ; before reaching which the wind has to pass 
for many yards along a narrow gully, formed by the wall of one of the 
sheds on the one hand, and by the sea-wall, which rises above the floor of 
the pier, on the other. 

A North-east wind, however, is free from both of these disturbing 
influences, since it strikes the closed northern side obliquely, and glancing 
off it flows past without being throAvn upwards, at any rate to an appreci- 
able extent 

I have already said that for making this comparison the winds were 
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grouped under eight poiata, and consequently a fair diatribution had to 
be made of all winds from iotermediate points; e.g. the observations 
under East include all those from East by North snd from East by South, 
together with one half of those from East-north-east and from East-south- 
east ; the remuning observations from the latter two points being placed 
under North-east and South-east respectively. It would, no doubt, have 
been better to have grouped the observations under sixteen pointa, because 
it is clear that the values given are in some cases too high, and in others 
too low, owing to the inclusion of these intermediate points. For example : 
Table I. shows that with South winds, whose velocity is between 11 
and 25 miles per hour, and in which the intermediate points are 
included, the Eobinaon instrument gives an excess of 117 per cent ; but 




FjQ. 3.— View of the Lighthouse from the Pier, looking East. 



taking forty observations of winds from South only, but of the same force, 
we get an excess of 177 per cent. The former result is without doubt 
influenced by the winds &om South-south-west included in it, and at that 
point there would appear, from Table II., to be a balance between what 
may be called the negative and the positive influence of the sheds. 

But in order to bring out clearly the eS'ect of this grouping I have 
prepared Table II., which shows the differences yielded by about forty 
observations at each of the sixteen points, without including any from 
intermediate points. The observations have been taken as they came, 
without any attempt at selection ; but under some points, where the 
total number of observations is small, so many as forty observations were 
not available. 

The very regular progression as we proceed round the compass, which 
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is shown here by the differences when expressed as percentages of the 
mean velocities, at once negatives the idea that they are at all fortuitous 
in character. 



TABLE 11. — Mean Difference between the Robinson and the Pressure Tube 
Anemometers, shown by (about) Forty Observations op Velocity between 
11 and 25 miles, from each of sixteen points : — 



Direction of 


Number of 


Mean Velocity by 


Diff. in Miles 


Percentage of 
Diff. to Mean 


Wind. 


Observations. 


Robinson. 


P. Tube. 


(R.-P. T.) 


by P. Tube. 


North 


40 


l8-2 


16-5 


+ 1-7 


% 
+ 10.3 


♦NNE 


37 


15.4 


14-4 


+ I-0 


+ 6.9 


*NE 


23 


19-2 


18.5 


+0.7 


+ 3-8 


ENE 


40 


i8-o 


20-0 


-2«0 


- lO-O 


East 


40 


177 


20-3 


-2«6 


-12-8 


♦ESE 


21 


15-5 


16-6 


-I'l 


- 6-6 


•SE 


18 


15-2 


13-7 


+ 1-5 


+ IO-9 


•SSE 


18 


21*2 


17.4 


+ 3-8 


+ 21-8 


South 


40 


1 8-6 


158 


+ 2-8 


+ 17-7 


SSW 


40 


16-5 


i6*4 


+ 0-I 


+ 0-6 


SW 


40 


19-4 


22-3 


-2'9 


-130 


WSW 


40 


17-5 


24*2 


-6.7 


-27.7 


West 


40 


16.6 


22-2 


-5.6 


-25*2 


WNW 


40 


17.4 


2I-0 


-3.6 


- 17-1 


NW 


40 


18-4 


19*0 


-0.6 


- 3-2 


NNW 


40 


18.0 


1 6-4 


+ 1-6 


4- 9-8 



* For these points so many as forty observations were not available. 

Beginning with North the table shows at that point an excess of the 
Robinson record over that of the Pressure Tube of 10 per cent, which, 
however, steadily decreases as we proceed Eastward. At North-east it 
is but 4 per cent, and just after passing that point the two records would 
evidently agree, for at East-north-east the excess has become changed into 
a defect of 10 per cent, which increases to 13 per cent at East. From 
this point the negative difference, in its turn, decreases, and an agreement 
between the two records is again reached at about South-east-by-east. 
At South-east there is once more an excess of 1 1 per cent, which increases 
to a maximum of 22 per cent at South-south-east, this being the largest 
excess shown under any point. At South the excess is 18 per cent, but 
it then diminishes rapidly, and at South-south-west the two instruments 
are for a third time together. Under South-west we have once more a 
negative difference of 1 3 per cent, and at the next point. West-south-west, 
we find the maximum defect, amounting to 28 per cent. West shows a 
slight falling off, but from that point the negative error rapidly lessens as 
we proceed towards North. At North-west it has almost disappeared, and 
at North-north-west we again find an excess of 10 per cent, the amount 
with which we started at North. 

To revert again to Table I. it will be noticed that generally an 
increase is shown in the amount of difference, whether plus or miniiSj 
with an increase in the force of the wind ; and the exceptions to this rule 
are, I believe, largely due to the inclusion of the intermediate points just 
referred to. South-west is, however, an exception which cannot be 
accounted for in this way. Taking all the observations of due South- 
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west winds, under the first two groups, I got for velocity 11 to 25 
miles a mean difference of - 2*5 miles, and for velocity 26 to 35 
miles - 0*2 miles, which is substantially the same as in the table. 

An explanation of this decrease in the difference between the two 
instruments at this point, with an increase of velocity, is, however, 
suggested by a study of the plan of the pier, which shows that for some 
yards to the westward of the lighthouse it has been widened, by a staging 
built out in front, over the water ; and the western ends of the sheds which 
cover this addition are wholly or partially closed. It would seem that 
with the stronger winds these closed ends produce an appreciable deflecting 
effect upon the air current, in opposition to the conduit action of the 
sheds themselves, which action may be further diminished at such times 
fcy the air finding a difficulty in escaping from them, as is certainly the 
c^ase when the wind blows more from the Southward. On the other hand, 
^he decrease in the mean difference under West for velocity 36 to 45 miles 
explained by the fact that all the observations in that group were 
tually from points to the North of West ; there are but thirteen observa- 
tions in all, nine being from West by North with a mean difference of 
T-75 miles, and four from West-north-west with a difference of 7*5 miles. 
That such a deflection of the vnnd as I have indicated really takes 
3)lace under conditions con-esponding to those presented by these sheds, I 
liave proved on many occasions, and in several ways, two of which I may 
:inention. 

I am acquainted with a nearly perpendicular cliff, on the edge of 
ivhich I have stationed myself when the Avind has been blowing strongly 
against its face. By means of a simple appliance I have projected pieces 
of paper over the front of the cliff, and liberated them at varying 
distances, up to about 3 feet from the edge. On being released the 
papers were always carried up vertically for some feet above the top of 
the cliff. If, however, the sheet was liberated close to the edge, its 
upward movement soon ceased, at a height of perhaps 10 feet or so, and 
it would then be borne slowly inland, and fall to the ground some yards 
in my rear ; from this point it would make its way back towards where 
I stood, and in this way I have several times used the same sheet more 
than once. On the other hand, if the release took place farther out, the 
paper would be taken somewhat higher up, and then be carried inland so 
swiftly that in a second or two it would be out of sight. From this it 
is evident that an eddy was formed somewhat like that shown in the 
sketch (Fig. 4, p. 246). 

On another occasion I was caught in an exceptionally heavy squall 
of wind and rain from the westward, when on a moor which lies to the 
rear of the Ehosilly Mountain, in South Wales. This hill forms a long ridge, 
with an extremely steep escarpment to the westward, facing Tenby Bay, 
whilst to the east it falls away much more gradually in the moor, upon 
which I was. With difficulty I made my way up the hill to the ridge, 
against the wind and rain, the gusts being at times so strong that I could 
scarcely stand against them, but on reaching the top I found myself in 
comparatively quiet weather, and the ground scarcely wetted, although 
the squall had not by any means passed away. Here a similar deflection 
Was in progress to that which was observed at the cliff, and the 
exceptional strength of the gusts I experienced was due to the do^vnrush 
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of the air, which had first been thrown upwards by the face of 
the hiU. 

In both these cases we have examples of what I believe occurs, on a 
smaller scale, when the wind strikes the northern face of the pier. 

The conclusion of the whole matter is: that for anemometrical 
records to be reliable, and of value, not only must the instrument be 
exposed in an open place, free from local obstructions, but it is also 
absolutely essential tl^t the stand which carries it shall offer practically 
no resistance to the wind ; it is undesirable, not to use a stronger term, 
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FiQ. 4. — Sketch showing deflection of the wind caused by perpendicular clifEl 

that the "stand" should be formed by a house, no matter what its 
shape or size, unless the cups can be placed farther above the roof 
than is generally found to be possible. I believe that a suitable open 
structure, with a hut for the recording apparatus, could generally be 
erected at no great cost, wherever a Eobinson, or a pressure plate, 
instrument is required ; but one of the great advantages offered by the 
Dines' "Tube" instrument is the facility with which the vane can be 
placed in a satisfactory position, without the restraints necessarily im- 
posed by the connecting shafts of other forms of registering anemometer. 
In conclusion, I should like to express my thanks to Mr. C. H. Thompson 
and Mr. L. Powers, of the Meteorological Office, for much valuable assistance 
rendered in the preparation of the data upon which this paper is based. 



DISCUSSION. 

The President (Mr. E. Mawley) said that the thanks of the Society were 
due to Mr. Curtis for his most suggestive paper. The author had certainly 
placed anemometry in this country in a very bad light, for comparatively few 
anemometers had even as good an exposure as the one at Holyhead, the position 
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:* which he had so Strongly condemned. In the last paragraph of the paper 
lere, however, occurred a reference to the Dines anemometer which was very 
icouraging, as it showed that we now possess a high-class instrument, the 
»mbined vane and tube of which could easily be placed high enough above the 
of of almost any building to be beyond the reach of disturbing currents. The 
meral adoption of this form of anemometer would be an important step in the 
rection of uniformity of exposure, but there would still remain the difficulty 

placing the instruments at the same height above the ground. He was, 
>T¥ever, pleased to announce that the Council had under consideration a proposal 

carry out some experiments with a view to ascertain the relative strength of 
.e wind at diflferent heights. Should these prove successful, it would then be 
>ssible to apply corrections for elevation. So that the outlook as regards the 
.dications of anemometers in the future was, after all, never more hopefuL 

Mr. F. Gaster said that some years ago he had been asked by Mr. Scott to 
lake a comparison of the records from certain anemometers with the force of 
ind as estimated by the observers at the same stations. He did so both for 
[olyhead and Yarmouth. At Yarmouth some remarkable differences were 
»und. The town lies to the west of the anemometer, and on the east is the sea, 
ttd the anemometer gave the velocity of Westerly winds so entirely different to 
lose from the Eastward that those for the Westerly winds had to be omitted in 
ndeavouring to form a scale of velocity for use in the Meteorological Office. On 
Dnsulting the log of the St Nicholas Gat light- vessel, which lay off Yarmouth, 
nd of course had an unquestionable exposure, the results were confirmed ; and 
; was evident that the Westerly winds had not reached the anemometer on 
here with much more than half the strength of those experienced from the 
Eastward because of their being intercepted by the houses of the town. Many 
nemometrical records were absolutely unreliable. A good exposure was essential, 

bad cue being worse than none at all, because it was misleading. He thought 
he last sentence in Mr. Curtis's paper was an excellent one with regard to 
xposure. With reference to the anemometrical records at high-level observa- 
ories, in his opinion the contour of the country affecting the air currents rendered 
hem practically useless. 

Mr. W. H. Dines said that he thought they must all feel greatly indebted to 
rlr. Curtis for his paper. There was only one point in it with which he did 
lot entirely agree, and that was the distinction drawn between light and strong 
dnds. He thought that if the house or building on which an anemometer was 
>laced influenced it for one kind of wind, it would do so, when taken as a 
>ercentage error, equally for any other strength of wind. It seemed to be well 
fltablished that the tube anemometer agreed with the Kew pattern Robinson 
vith a factor 2*2, and this being so, Mr. Curtis had proved that the sheds at 
iolyhead increased the registration of certain winds from 20 to 30 per cent. 
le had recently made a few experiments on exposure himself. He had erected 
hree anemometers on an ordinary dwelling-house about 40 feet square. The 
lighest was 39 feet from the roof and 72 feet from the ground ; the second 18 feet 
ibove the roof, and the third 9 feet. The results were as follows : — Taking the 
lighest as a standard, with winds for which he had a good exposure, i.e, winds 
rom a direction in which, standing on the roof, he could see several miles, the 
18 feet anemometer registered 90 per cent, and the 9 feet registered 80 per cent 
IVith directions in which there were trees higher than the house within a few 
lundred yards, these percentages reduced to 80 and 70. The percentages seemed 
o be entirely independent of the force of the wind. The 18 feet anemometer was 
apparently uninfluenced by the gables and chimney-stacks of the house, but the 
) feet anemometer was undoubtedly greatly influenced by them. It was note- 
worthy that no single observation had ever given a higher reading from a lower 
inemometer. 
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Mr. C. Harding said that he regarded the question of anemometry as being 
in a very unsatisfactory condition. Mr. Gaster had referred to the Westerly 
winds at Yarmouth only registering about one-half their normal velocity, which he 
thought would be the natural result after passing over the whole town. But 
did this sufl&ciently account for the difference ? The anemometer was on the 
top of the Sailor's Home (which was one of the largest houses in the town) and 
a very few feet from the top. The building was on the sea front facing east, 
and with this exposure the Easterly winds would be open to doubt. He also 
mentioned the interesting comparisons made by Mr. Chatterton of the recording 
anemometers at the different observatories, with the observations made on light- 
houses and light- vessels (printed in the Quarterly Journal^ voL xiii. p. 215), 
and which gave different results to those published by the Meteorological Office. 
He thought the present paper was of the highest possible value, and he thoroughly 
agreed with Mr. Curtis's method of work. It was very unsatisfactory at 
an observatory like Holyhead, admittedly among the best for anemometer 
exposure, to find an error of 50 per cent ranging over the 8 points between 
south and west. The paper had explained something which had puzzled him 
very much at the time, viz. the great difference between the Fleetwood, Liverpool, 
and Holyhead instruments in the great gale of December 1894, when the 
anemometer at Fleetwood had registered 107 miles an hour, the velocities at the 
two other places being 89 and 71 respectively. Possibly exposure was a large 
factor in this difference. 

Mr. G. J. Stmons said that in the year 1862, when an assistant in the 
Meteorological Office under Admiral FitzRoy, it was his duty to superintend the 
erection of an anemometer in the Orkney Islands. He had instructions to place 
it on the Manse, a square building on a little eminence. Dr. Clouston objected 
to the instrument being placed there, and he (Mr. Symons) was inwardly pleased, 
as he had never been favourable to the erection of anemometers on high buildings. 
Dr. Clouston's objections took two forms : (1) that an anemometer on a roof 
must record an excess, because the air which could not pass through the building 
must pass by the sides and over the top, where therefore the record would be 
in excess ; and (2) that the heritors would not allow the safety of the roof to be 
jeopardised by the erection thereon of the anemometer. Mr. Symons finally 
built a small pyramid of timber and placed the anemometer on the top of it. 

Mr. Symons distributed copies of a diagram (printed in British Rainfall, 
1871) by the Rev. F. W. Stow, "showing the probable effect of non-horizontal. 
wind currents in distributing the fall of rain on the ground irregularly," illus- 
trating the effect of buildings, trees, etc., on wind velocity. 

Admiml J. P. Maclear inquired what height an anemometer would have 
to be to get a reliable record. In the case of Holyhead it was 30 feet above 
the sheds, and Mr. Dines's instrument was 18 feet above the roof. 

Mr. T. W. Baker thought that the discussion had come at a most opportune 
time, as any points raised might be introduced at the International MeteorologicaMI-^^^ 
Conference to be held at Paris in September this year, by Mr. Scott, if h< 
attends the meeting. He was sorry Mr. Curtis had not got a photograph show- 
ing the position of the anemometer at Deemess, Orkneys, which in his opinion::*'^^^-^^ 
was an ideal exposure. The cups were 17 feet above the ground, and 
were no trees, hills, etc., to in any way affect the records. At Fleetwood 
the anemometer had an excellent exposure. It was fairly easy to discover 
good position for a rain gauge, but with an anemometer it was vastly different' -^^^^'^ 
and decidedly more difficult. 

Dr. H. R. Mill showed in the lantern a diagram made in the lectupe-hallX-^ ^* 
illustrating the effect of a strong wind blowing "onshore" on Loch Lomond. -C>-^^* 
where the hillside was high and remarkably steep. The wind striking the 
of the hill was deflected backward with enough strength to neutralise its 
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direct effect on the water, the contact of the two currents causing a condition of 
calm 80 that a small boat could be rowed with safety during a gale. Opposite 
a lateral valley, however, the full force of the gale was experienced on the lake, 
and the water could be seen lashed into foam by the wind This showed the 
powerful effect of local geographical conditions on wind force, and the necessity 
of cantion in treating anemometer results in mountainous districts, and it also 
enforced the necessity of care in choosing an exposure* 

Mr. H. SouTHALL said his first experience of anemometers was in a storm 
in 1839, when one erected on the roof of a house in New Street, Birmingham, 
recorded a pressure of 42 lbs. on the square foot He was greatly inclined at 
one time to purchase a similar instrument, but was now glad he did not, as 
evidently from the result of recent investigations on the subject of anemometry 
his labours would have been useless. He thought it would be difficult for 
Scilly to be surpassed for a good exposure, with its few hills and trees, and 
opportunities for observation by the great number of gales experienced. An 
inhabitant of St. Mary's had informed him that the waves had sometimes beaten 
100 feet high against the cliffs. 

Mr. R. W. MuNRO remarked that the construction of the Kew pattern 
Robinson anemometer would not allow of its being elevated to any great height 
on the roof of a house, weighing as it did some 3 cwt Mr. Curtis and Mr. 
Dines had agreed that it was essential that the instrument should be beyond the 
influence of eddies, etc. Those which he had erected lately had been on a cast-iron 
hollow column about 10 inches in diameter at a height of about 8 feet 6 inches. 
To add a few feet to the heiglit would mean a much greater strain on the support. 

Mr. R H. Scott said that the President had described the exposure of 
anemometers in these islands as unsatisfactory, but he could say that the 
exposures on the Continent were not a whit better. A proposal was at present 
in his liands for submission to the International Meteorological Conference in 
Paris in September, to the effect that the RecknagePs anemometer should be 
used as the imiversal standard to which all wind observations should be referred. 
This instrument was not much larger than an ordinary ink-bottle, and he (Mr. 
Scott) could not see how such an instrument could be erected and read on a 
X>ole or scaffolding 40 feet high. As to foreign meteorological stations an 
eminent British meteorologist had told him that he had never seen a station on 
the Continent which would pass muster as to instrumental exposure. It had 
been remarked by some of the speakers that there were many sites available for 
anemometers on the exposed west coasts, but he (Mr. Scott) would observe that 
really exposed places were practically uninhabitable. In some places, near 
Loop Head at the mouth of the Shannon, storm shutters had to be up during 
the winter on the exposed side of the houses. He (Mr. Scott) had obtained 
])ermission from the Council to send an advanced copy of the present paper to 
Vienna for the Meteorologische Zeitsdirift, and he hoped that the appearance of 
this in German would show our foreign friends that we in England were working 
at wind records, and so would be of use in connection with the discussions in 
P^s in September. 

Mr. R Inwards thought that in the case of the Holyhead experiments it would 
be interesting to study the effect of the long ramp or sloping side of the pier, 
about a third of a mile in length, and which must tend to produce an upward 
current of air just as it was calculated to convert a horizontal wave into a fling 
of upward spray. Now the Dines anemometer, in the case of an actually vertical 
current, would not register any pressure at all, indeed, the air blowing up and 
across the mouth of the tube would tend to produce a partial vacuum on the 
principle of the aspirator, and this would apply in a minor degree to any current 
deflected upwards or downwards, so that a difference might be expected to occur 
in ihe readings of the two anemometers wherever there was a vertically deflected 
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curreut of air. He supposed a lamp would be employed to prevent the water in 
the cistern from freezing at low temperatures. 

Mr. B. Latham said he thought that the three anemometers at Holyhead were 
scarcely comparable, being as they were at different heights above the ground, 
and that in turn being of varyinjg elevation above the water surface. The different 
currents caused by rocks studding a stream were similar in their way to the effect 
of buildings, etc., in causing eddies. He hoped the question would be thoroughly 
discussed, for the one reason he had never had an instrument erected himself was 
because of the unsatisfactory state of the question. 

Mr. C. E. Peek said that the Water Tower at Eousdon on which the 
anemometers were placed was 60 feet in height. The Robinson anemometer 
was 5 feet from the roof, and the Dines pressure-tube instrument about 10 feet 
above the cups of the former. He did not think sufficient observations had yet 
been taken to make a proper comparison between the two anemometers. 

Mr. R. H. Curtis, in reply, said that he had no doubt at all as to 2*2 being 
the correct factor for the Kew pattern anemometer, and in this opinion he was 
confirmed by the results of some direct comparisons he had recently been able to 
make between the records of an instrument of this type and those of a pressure-tube 
anemometer erected side by side at Mr. Peek's observatory at Riousdon. He ^^He 
was not able to give a general answer to Admiral Maclear's question as to the ^^.cie 
height at which an anemometer ought to be placed above the roof of a building, ^.-^^^.g, 
because this depended entirely upon the character of the building — its 8hape^»^=()e 
and size, and must be specially determined for each case in which there was noc^^Mzno 
alternative but to place an anemometer in such a position. At Holyhead it waoEri'jnr.^aa 
clear that 30 feet above the roofs of the sheds was insufficient ; but on the otherac^^ -ler 
hand, at Rousdon, he was satisfied that the cups, placed 5 feet above the apex olt^:^ ol 
the pointed roof of the tower, were in a good position and clear of any disturbanccj-^^^i^ce, 
because in this case the superficial area of the tower was small, and the win<£> .dxnd 
striking it flowed off at the sides, which was the path of least resistance, and th^ .^iM'^hi 
high tapering roof could of itself exert no appreciable lifting effect upon ih^-^J^^^ 
stream of air striking it He had made some experiments on the subject on th^-tf=^^* 
roof of the Meteorological Office, by means of light streamers hoisted at int 
of a few feet up to 20 feet, which was as high as he could go ; but up to that, 
height there was evidence of strongly-marked eddies caused by the building.:^^-*^^ 
The ramp to which Mr. Inwards had referred could not in the least affect th^-«J-^^^ 
vane of the pressure-tube instrument, which was carried upon an iron pole at m ^^ * 
height of 44 feet above the ground. In that position the vane was remarkabl]^-^^^lj 
steady ; and, indeed, it was a surprise to those who had been accustomed t/m-^^ ^ 
watch the behaviour of vanes in the neighbourhood of buildings to note hov^^^^^^ 
very free from oscillation it became when exposed to a stream of wind which wa-^*"^"^ 
not affected by artificial obstructions. The difference in level above the sea of th»-^^*^^® 
cups of the Robinson and the vane of the pressure-tube was only about 8 feet, an»-iC^^-nd 
this difference was too slight to affect the result as suggested by Mr. 
Referring to the sketch shown by Dr. Mill, he said he had observed a somew] 
similar effect in front of a large block of buildings open to the south-west ; wher^ 
a South-west gale blew before the block the wind current was split, and o' 
passing along the front of the building you first experience a strong wind blowii 
against you, then a calm near the centre of the block, and immediately 
passing the centre a strong wind at your back. 




i 
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AECTIC HAIL AND THUNDERSTOEMS. 

By HENRY HARRIES, F.R.Met.Soc., Mem. German MetSoc 

[ReadJuneir, 1896.] 

At the Meeting of the Society held on June 19, 1895, I read a paper on 
"The Frequency, Size, and Distribution of Hail at Sea" (Quarterly 
Journal^ vol. xxi. pp. 230-240), in which it was demonstrated that, con- 
trary to certain views which had been published, hail is a very common 
phenomenon out on the open ocean between the latitudes of 35° and 60° 
N. and S., not uncommon between the parallels of 30° and 35°, and 
occasionally met with in the Equatorial regions between 30° N. and 30° 
S. At that time I had not consulted more than two records in very high 
latitudes, one Arctic, the other Antarctic, and consequently was not in a 
position to say anything further about the cold zones than that each 
record contained references to hail. Believing the subject to be one of 
much more than passing interest, one which, through the want of a 
collection of reliable facts, has evidently been but imperfectly imderstood, 
and is therefore in need of sufficiently trustworthy evidence to enable us 
to arrive at a just appreciation of the physical laws which are called into 
play in the production of the phenomena, I have since extended the 
scope of my investigation to hail and thunderstorms in high northern 
latitudes, to see how far actual observations lend their support to, or 
contradict, the theories which from time to time have been advanced. 
Various opinions have been expressed as to the practical absence of 
these phenomena in high latitudes. According to the Hon. EoUo Eussell 
" Hail is almost or quite unknown in the Arctic regions," and " Thunder- 
storms may be said to be equally rare." M. Arago modified his view 
slightly on learning that a thimderstorm had occurred in Iceland, but he 
seemed to cling to his earlier idea for still higher regions. M. £lis^e 
Reclus tells us that " lightning has never been seen in the sky " in Iceland 
and Spitzbergen ; and Mr. Thomas Russell states in his recently published 
Meteorclogyy that " lightning is always an attendant of a hailstorm" ; while 
Mr. Scott, in his Elementary Meteorology, states that hail hardly ever falls 
except during thunderstorms. In most cases the opinions held have been 
based upon altogether inadequate information, the investigators having 
to be content with the observations of two or three visitors for a few 
months, and these have been accepted as sufficient to determine the 
problems for the entire Polar area. We have not got the logs of 
hundreds or even of dozens of ships dotted at convenient intervals all 
round the Pole in every month of the year, but perhaps only one log in 
one season, two in the next, and none at all in another year. The results, 
therefore, must not be treated in precisely the same manner as if we were 
discussing the returns from a complete organisation of reporters on shore, 
deducing from them definite conclusions as to the frequency of any 
particular phenomenon. Individually both hail and thunderstorms are 
restricted to infinitesimally small areas, and, as Capt. Duperrey said to 
M. Arago, " the chances are against each navigator being at any given 
point of the ocean on one of the twenty days which constitute the mean 
annual number of days of thunder observed on land in our latitudes." 
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Dealing with the general character of the climate of the Arctic regions, 
it can be shown by extracts from meteorological logs and from published f ^ 
works, that the popular notions on the subject are very erroneous, for 
'the weather in the Frigid Zone is quite as variable and uncertain as it is 
with us. There are extremes of wet periods and of dry periods, of 
brilliant and prolonged sunshine as well as of dense impenetrable fog, ^^ 
of genial warmth as well as of excessive cold. Temperature is liable to ■ ^ 
violent fluctuations, a range of from 20° to 40° in a day not being un- ^ 

common, while changes of 17° in 4 hours, of 31^° in 6 hours, and even 
18° in a single hour are not unknown. There is abundant ground for 
saying that the precipitation assumed for the Arctic regions (16 in. to 
less than 8 in.) by some writers is very largely underrated, for the works 
of northern voyagers teem with records of torrential rains up to the 
highest latitudes attained by man. In July 1827, between 82° N. and 
83° N., in 23° E., Lieut, (afterwards Sir) James Clark Ross remarked : 
" It has been a constant source of astonishment to all those who have 
been on the former voyages with the expeditions to the Polar Seas to 
find such very frequent and heavy rains in this climate, and to us it has .^^^^as 
been a most unwelcome as well as unexpected foe." 

Seeing that we can have all these climatic variations there is no 
apparent reason why the only other meteorological phenomena, hail and 
thunderstorms, should not be experienced there as well as elsewhere, 
being more frequent perhaps in one locality than in another, just as in 
Europe and other countries. 

So far then as the general atmospheric conditions are known there 
seems to be no ground for supposing that hail and thunder can only 
happen by accident, as it were, in high latitudes. The one or two 
instances of the phenomena, of which writers on the subject have heard, 
cannot be regarded as in any way violating natural laws. Owing 
difficulties which do not affect other parts of the globe we are not in 
position to ascertain precisely — not even generally — how often they occurr:^: 
Avithin the extensive region round the Pole ; but assuming that they 
not so frequent as in the tropical and temperate zones, it can, I think, 
shown that they happen much more frequently than the various 
books would lead us to expect. 

Having thus far dealt with those features of the Arctic climate whiclr^^^^ 
would fippear to have some connection with the origination of one oi«r^:^T 
other, or both, of the phenomena under discussion, we come to the fact^R-::^*^ 
recorded by northern travellers. 

In the first place, I will deal with the observations contained in th^-^=^® 
Meteorological Office log-books of ships going anywhere beyond the 60tk4-^ •^ 
parallel ; and I have here to acknowledge the readiness with which th^-^:^*^® 
Meteorological Council sanctioned my consulting the logs and makin^,-^^^ ^8 
use of those indispensable records for the purposes of this discussion-c:*^^^ 
No attempt was made to go through the whole of them, for the lAhaoKM-^^^^ 
would have been too great, but I took the first hundred Arctic logs thatJ^s^^^^^ 
came to hand, whether they contained one or more observations a day^S*^^^* 
The majority of these cover the 40 years down to 1895, several of the older ^^-C^*" 
volumes going much farther back, even to the year 1818. Out of th^M:M'^^^ 
whole number eight had to be laid aside in consequence of the letter " h ' m:^ 
being used indifferently for " hail " and for " haze," and no clue bein^-^~^W 
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afforded as to which olemont was intended. This left 92 logs available, and 
out of this number no fewer than 73 show that hail was experienced 
at some time or other, that is, 79 per cent of the observers, in other 
words, four out of five visitors to the Arctic regions, fell in with hail. 
The observations are distributed over all parts of the northern seas 
visited by ships — ^between Nova Zembla and Greenland, up Davis Straits 
and adjacent Sounds, and northward of Behring Strait — so that there 
seems to be no special attraction in one region more than in another. 
Table I. gives the distribution of hail according to latitude, showing the 
number of times hail was recorded in each degree of latitude as far north 
as vessels have gone up to the present. 



TABLE I.— Thx Monthly and Annual Number of Observations of Hail 
FROM Latitude 60'' Northwards. (Logs only.) 



Lat.N. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Year. 


82* 


I 




• • • 


• • • 


• • • 


• • • 


2 


• • • 








• • • 


3 


8l 














• • • 


• • • 


• • • 




• • • 












• • 


• • • 


So 














• • • 


• • • 


I 




3 












I 


5 


79 




[ 










• • • 


• ■ • 


I 




2 






I 








5 


78 














• • • 


I 


• • • 




• • • 














I 


77 














• • • 


2 


• • • 




• • • 














2 


76 














I 


4 


4 




2 


I 












12 


75 














• • • 


I 


• • • 


2 


• • « 


I 












4 


74 














• • • 


• • • 


• • • 


I 


3 


• • • 












4 


73 










9 


I 


2 


• • • 


• « • 


5 


I 












18 


72 










• • • 


• • • 


• ■ • 


2 


2 


I 


• • • 












5 


71 










2 


I 


• • • 


I 




• • • 


• • • 












4 


70 










2 


■ • • 


3 


I 




9 


2 


3 










20 


69 










8 


8 


2 


• • • 




3 


I 


• • • 










22 


68 










2 


• • • 


I 


• • « 


I 


• • • 


■ • • 


I 










5 


67 










2 


• • • 


I 


3 




• • ■ 


I 


2 










9 


66 










2 


2 


• • • 


3 




I 


17 


4 










29 


65 










I 


I 


• • • 


I 




• • • 


5 


I 










9 


64 










8 


4 


2 


I 


I 


2 


I 


2 










21 


63 










5 


2 


• • • 


2 




2 


3 


• • • 










15 


62 










3 


II 


2 


■ • ■ 




5 


4 


II 










36 


61 










• • • 


3 


13 


• • • 




• « • 


3 


I 










20 


60 






12 


17 


II 


3 


• • • 


I 


• • • 


I 


2 




• • • 


47 


ToUb 


2 


12 


61 


45 


37 


20 


10 


38 


41 


27 


2 


I 


296 



From these figures it will be seen that there were in all 296 observa- 
tions, one-half of which were recorded to the northward of the 66th parallel. 
The summer visits are clearly indicated here, the vessels leaving for the 
north towards the close of February or some time in March. In the latter 
month hail has been observed up to between 73° and 74° N. ; in April to 
76° ; in May to 78° ; in June to 80° ; and in July to 82°. Then the 
ships seek lower latitudes, and we have 80° in August, 76° in September, 
and 70° in October. Vessels wintering far north are very few in number, 
so that there is an almost complete absence of observations from Novem- 
ber to February. 

In the "Abstract of the Meteorological Joimial kept during the 
Expedition towards the North Pole," printed on pages 152 and 153 of 
Parry's Narraiivey there is no mention of hail having been seen northward 
of Spitzbergen between Jime 25 and August 10, 1827, but in Lieut. J. C. 

S 
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Boss's manuscript notes there are the following entries: — On July 9, ^^ 
when in 82° N., 23f° K, the weather column gives "Hazy, with small ^XJ 
snow and hail/' and in the remarks " Soon after we were housed at an .mrmiji 
early hour in the morning, it began to hail and snow, which, towards the ^»^e 

afternoon, turned to small rain." Temperature in the shade 34° at 9 a.nL; ^ l; 

36"" at noon ; 35"" '5 at 3 p.m. On the 23rd, when they had reached the4^^e 
highest latitude then attained to the east of Greenland, 82f ° N., 19^ K, ^ ^Z., 
he has in the weather column at noon " rain and hail at times," temperature, ^^^^e, 
3 a.m. and 9 p.m. 31°'5. The other observation of hail between 82° andE^^ 
83° N. is from the log of H.M.S. Discovery^ at 4 a.m. January 1, 1876, the^»-fl=i6 
entry in the column being " ch," cloud " Nim," wind calm, dry bulb - 19° *^ ^°. 

Of the five observations north of 80° N., two were registered by CaptwC#'^)t 
Lofley, of Mr. Leigh Smith's ill-fated steamer Eira^ on the coast of Fran2^.c::xu 
Joseph Land, on December 15, 1881, "Hail" being written in at Noon,^>-«::«:*tt 
temperature 8 a.m. 29°, 4 p.m. 10°; and on Jime 4, 1882, at 10 a.nL,« - mil 
" Some hail," temperature 30°. When steaming up Smith Sound umrmiM: ii 
August 1876 hail was registered three times on board H.M.S. Discoveryj^^g^^ 
twice with the temperature at 33°, and once at 41°. 

North of Behring Strait ships have not reached as high a latitude aa^^F^ a 
in the Greenland Seas, but in August and October 1849 H.M.S. HeraUk^^^ 
had hail recorded 15 times between 66° and 71° N., the air temperaturc^rxLU 
31° to 40°. In September of the previous year she had three recorda-fc»^ 
between the Arctic Circle and 68° N., temperature 31° to 39°. 

It is unnecessary to go into the details of the whole of the 29^ ^^9 
observations of hail. There are many instances with the temperature o<::» o 
the lower atmosphere from 14° to 32°, and Mr. Arnold Pike, on th».M=f-cJi 
yacht Siggen, wintering in Dane's Gat, Spitzbergen, just under the 80tr-drOt] 
parallel, notes, on November 10, 1888, with a temperature of 7°, "Sno¥(^«r"ow 
hexagonal form, mixed with globular flakes like hail, but soft" MviH^iKfr 
Pike, apparently a visitor to the Polar regions for pleasure, had time U^ tc 
make notes on various subjects, calling attention to little differences, an*.M=a:-iid 
out of the hundred logs examined his two are the only ones which coiXT'^zvn- 
tain any reference to soft hail, but he also records hail without an^^K^ny 
qualification, once in Dane's Gat, with the temperature at 25°. Tkime 
observers, who have plenty of hard work to attend to, content theic^cr^m- 
selves with the bare entry of " h " in the column, or briefly mention £: in 
the remarks " Hail," " Hail showers," " Squalls of hsdl," " Snow, 
and sleet all day," " A short hail storm," " Smart shower of hailstom 
lasted 10 minutes," and so on, clearly indicating that what was falling 
these occasions was ordinary hail and not graupel. 

As bearing upon the question of the probability of meeting with h^ -^il 
in high latitudes it is significant that not one of the observers expresfi^^^Bes 
any surprise indicating that the phenomenon is considered to be s &n 
exceptionally rare one. 

Coming now to thunderstorms, it will, perhaps, be expected that^ ^ 

Mr. Scott states in Elementary Meteorology^ p. 167, "inasmuch as 
storms are always associated with thimder and lightning," the 296 
of hail which the logs yield would be accompanied by as many records ^^ 
thimderstorms, but this is not so. It may be that the atmosphere was ^ 
an electrical condition with each fall of hail, but this cannot be ildliiiiniii^ ^ 
from the contents of the logs. Instead of about 300 observations ^f 
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liunderstorms, ue. thunder, or lightning, or both, the total number 
ppearing in the same volumes is only 59, or one-fifth the number of 
ail falls. The distribution according to latitude is shown in Table 11. 



TABLE II. — ^Thb Monthly and Annual Number of Observations of 
Thunderstorms from Latitude 60' Northwards. (Logs only.) 



Lat.N. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Dec. 


Year. 


75' 

74 

73 

72 

71 
70 

69 
68 

67 
66 

65 

64 

63 
62 

61 

60 




• • • 

• « • 

• ■ • 

2 

• • • 

• • • 

• • • 

I 

• • • 

I 

• • • 

• • • 

• • • 

• • • 


I 

• « • 
■ • • 

I 

• • • 

• • • 

• • • 

• ■ • 

• • • 

2 

• • • 

I 

• • • 

• ■ • 

• • ■ 

I 


• • • 
■ • • 

5 

5 

2 

• • • 

2 

• • • 

4 
4 
4 

2 

• • • 

• • • 

4 

• • • 


• • • 

• • • 

• • • 

I 

• • « 

3 

• • • 

• • • 

• • • 

I 

• • • 

• • • 

• • • 

• • ■ 

• • • 

I 


• • • 

• • • 

• • • 

I 

• • • 

2 

« • • 

I 

• • • 

2 

• • • 

I 

• • • 

• • • 

• • • 

I 


I 
I 


I 

• • • 

5 
10 

2 

5 

2 

I 

4 
II 

5 
6 

• • • 

• • • 

4 
3 


Totals 


I 


4 


6 


32 


6 


8 


2 


59 



Here it will be seen that the records of thunderstorms are confined 
) seven months, there being none in January to April, and November, 
hile May shows only one and December two. August, on the other 
and, had more than half the total number recorded. 

Of the more southern ones little need be said. In July 1852 Capt. 
iglefield, on H.M.S. Isabel, had thunder in 60** N., 25^' W., followed by 
ill three hours later. While at anchor at Ivigtut, 61* N., 48* W., in August 
381 Capt. Alexander Simpson experienced a thunderstorm lasting 13 hours. 
n the 3rd, " At 6 p.m. a dark, ugly sky began to rise in the north-north- 
hst. At 7 vivid flashes of lightning seen in the north-east At 8*30 
savy thunder with lightning (sheet and forked), and heavy rain continued 
irooghout the night. Wind light, squally and variable. This is a very 
nusnal phenomenon in these high latitudes." 4th, 4 a.ni., 1, t, p, r, dry bulb 
6*-3, damp bulb, 51*-0 ; 8 a.m., l,t,p,r, dry bulb, 43*-5, damp bulb, 43*-6, 
Thunder and lightning continued in the south and south-west until 8 a.m." 
Ithough he thought this unusual, the same observer had storms afterwards in 
ill higher regions in 1889, 1891, and 1893. On June 3, 1889, he was in 
2** N., 11* W., and at 5 p.m. there were several peals of thunder with heavy 
dn ; next day, about 25 miles to the north-west of this position, he recorded 
; 8.15 p.m., ^^ Thimder-squall lasting ten minutes, strength 8, with thunder 
id lightning from south-east going south-west. Very heavy rain." Tempera- 
ire each day 33*. 

In August 1850, H.M.a Herald, off Cape Lisbume, 69* N., 167* W., had 
i midnight, 4th, c, g, t, 1, temperature 47*, and 3 a.m., c, g, q, r, t, 1, 46*. "1.15 
m., vivid fork and chain lightning, commencing as at sunset and darting over 
.1 points of the heavens from the horizon, accompanied by thunder. 2.20 a.in., 
iaoontinued." In December 1853, H.M.S. Rattlesnake had lightning at Port 
larence, 65j* N., 166j* W., temperature 5'. 
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Capt Milne, 8.s. Eclipse, had vivid flashes of lightning in 71** N., 71^ W^ 
in August 1893, temperature 37^ and on the 8.8. Esquvmaiix in the same 
month of 1888 he had thunder in 71** N., 68** W., temperature 40\ Off 
Holsteinburg, just under the 67th parallel, on the west coast of Oreenland, 
Capt. James Clark Ross, on H.M.S. Cove, on June 1, 1836, had in the 
weather column at 1 1 p.m. d, 1, t, h, temperature 30°, remarking, " 1 1.30 violent 
squalls accompanied with hail, thunder, and lightning." This is interesting as 
being the only instance I have come across in which hail appears simultaneously 
with either thunder or lightning, Capt Inglefield's observations, separated by 
an interval of three hours, being the only other instance within the same day. 

In 72° N., 95° W., Sir F. L. M'Clintock, in the s.s. Fox, had two flashes of 
lightning in September 1858, temperature 26° ; faint lightning in the following 
month, temperature 25°; and thunder in August 1859, temperature 35°. 

On the barque Perseverance, Capt. Murray experienced thunder and light- 
ning with very heavy rain in Repulse Bay, 66j° N., 86j° W., in September 
1892, temperature 31°; and in the same place in August 1883, he had 
"t, 1, 3j, r," temperature 37° -5. In August of the following year, in 64 J° N., 
87° W., he registered heavy peals of thunder and lightning, temperature 36°; 
and in May 1895, at Dep6t Island, 64° N., 90° W., there was lightning, with 
snow, temperature 30°. 

These observations, from comparatively few visitors, show that 
thunderstorms are at least possible in all regions from Behring 
Strait eastward to Davis Strait and the East Greenland Sea, but when 
we go still farther east, to Barents Sea, I am almost inclined to say 
that we have discovered the breeding-place of thunderstorms, and this, 
too, in latitudes where theoretical considerations lead us to infer that 
electrical displays are to all intents non-existent. 

When in command of H.M.S. Eurydice in 1854, Capt Erasmus Ommanney 
was cruising between 65° and 71° N., 23° and 41° E., and the log shows 
thunder, lightning, or both, on two days in July, seven days in August, and 
one day each in September and October, or 11 days in four months, some- 
times three entries in one day. The thunder occasionally loud or heavy, and 
the lightning noted at times as sheet or vivid sheet flashes. Temperature 
ranging from 37° to 57°. 

In Archangel Bay on June 30, 1874, Capt Bennett of the brig Lwio, had 
thunder and rain, temperature 71°*5, and next day, July 1, lightning, tem- 
perature 7 4° '5. 

On being released from Franz Joseph Land after losing the Eim, Mr. 
Leigh Smith's party set off in a boat for the coast of Nova Zembla, and on 
July 25, 1882, distant thunder was heard when in about 75^° N., 48° E. At 
7 a.m., August 2, in about 74° N., 54° E., "A fearful thunderstorm came on, 
with very heavy rain until 9.30 a.m«" Sir Allen Young, in the b£, Hope, was 
about the Nova Zembla coast on the look-out for Mr. Smith and his men, and 
on July 20, in Little Karmakoula Harbour, Moder Bay, nearly 73° N., thnnder, 
with a heavy shower lasting 15 minutes was experienced, temperature 56°. 
On August 2, when the Eira^s boat crew had a storm out at sea, the Hope was 
in the Matotschkin Shar, 73^° N., and at 8*30 a.m. there was thunder for five 
minutes with heavy rain, temperature 48°*5. Noon weather b, c, q, t, tempera- 
ture 58°. Two days later, at 8 p.m., b, t, q, 59°; midnight 1, t, r, 66°, and a 
remark, "Violent storm of thunder and lightning, with heavy rain from 
10 p.m. to 1.30 a.m." 

Mr. Arnold Pike was in Barents Sea in August 1894, and at noon on the 
19th in 72^° N., 36 J° K, he had c,b, t, "thunder in west; 6 p.m., distant 
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thunder in east-south-east ; midnight, distant thunder in south-east eM the 
afternoon. From 10 to 10.40, a severe thunderstorm with rain passed over 
head from south-east to north-west." 

Thus far the information has been obtained exclusively from some of 
the original manuscript documents at the Meteorological Office, and it 
is evident from them that hail observations are fairly numerous up to 
the highest latitude reached, while electrical disturbances are met with 
certainly up to nearly 76° N., exhibiting a tendency to be much more 
frequent in some localities than in others, apparently fairly frequent in 
the neighbourhood of Eopulse Bay, and very frequent in Barents Sea 
region. 

Turning now to the published works relating to various public and 
private Arctic expeditions, I find that they are very numerous — for 
there are many scores, if not hundreds of volumes — ^and a very small pro- 
portion of them have been indexed, and that in a most general way. It 
would occupy much more time than any individual, working single- 
handed, coidd possibly afford to wade through them page by page in 
search of references to what is at best an infrequent occurrence in any 
part of the world. I have, therefore, contented myself with dealing with 
a mere handful of the books to obtain what I think is sufficient evidence 
to induce us to at least modify the views hitherto put forward respecting 
the topics under discussion. 

In nearly every book glanced through, mention is made of falls of 
hail, and, as in the official logs, none of the authors seem to consider the 
occurrences as anything very wonderful, no more notice being taken of a 
shower of hail than if it had been rain or snow, except on very rare 
occasions, such, for instance, as in the Journal of a Voyage to the Northern 
Whale Fishery y by W. Scoresby, jun., p. 301, where it is stated that on 
August 23, 1822, in 71f° N., 20^° W., "The rain of the forepart of 
the day gave place about noon to hail, which was so sharp that it was 
scarcely possible to face to windward." In his Account of the Arctic Begions, 
1820, vol. i. pp. 415 and 424, there are a few notes on thunderstorms 
and hail up north, in which he states that pellucid spherules of ice " may 
be said to be unknown " in very high latitudes. Hail is mentioned in 
the record of the Dutch expedition to the northern part of Nova Zembla, 
76° N., in 1597 ; by the ship Jonas in the Whale, in the summer of 1671, 
between Jan Mayen and Spitzbergen, the hail being figured and described 
as "round and oblong, all over full of prickles," diameter from 0*15 in. 
to 0*25 in.; by Phipps in 74° N., on his way to Spitzbergen in 1773 ; 
and more modem books contain observations in all latitudes up to 80° N., 
and in all longitudes, northward of Baring Island, 75° N., 121° W., off 
the mouth of the Mackenzie River, and about the New Siberia Islands. 
At Bennett Island, in 77^° N., 155° K, on August 3, 1881, De Long 
wrote, in The Voyage of the Jeanette, " The weather during the day has 
been simply disgusting. Fog, rain, or mist as wet as rain, snow-hail, 
cold and sharp gusts of wind." Next day " A pitiless storm of rain, 
snow, and hail beat down upon us. . . . I do not remember to have 
passed a more disagreeable and uncomfortable day . . . the driving 
snow and hail made it impossible to remain exposed." On September 
11, at Semenovski Island, 74^° N., 134° K, "snow, hail, and sleet 
falling plentifully." 
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in the Meteorological Office publication, Contribuiions to our knowledge 
of the Meteorology of the Arctic Regions^ vol. i., will be found many observi 
tions of hail. At p. 85, there are no fewer than 42 instances recorde^^^sd 
on board H.M.S. VkUmj in the Gulf of Boothia, 70° to IV N., 92° W. ^., 
as many as 21 of them being within the month of December 1829^;. a 
month whose temperature ranged from a maximum of - 8° to a minimi 
of - 37°, the mean for the period being - 22°*2. 

The books afford a singular confirmation of the logs in showing thi 
the hail of high latitudes falls when, at any rate, no actual thundei 
storms are in progress — other than the two instances mentioned from th. 
logs of two naval officers, I have not read of another case of hail am 
thunder on the same day, and yet there are many hundreds of observa^r's^va- 
tions of the former. There may be some special local reason for thia^Ki^ciis. 
With regard to thunderstorms, I will take those to the northward (rz^ of 
America first, and then work eastward. 

In Camden Bay, 70** 8' N., 145'' 29' W., on July 8, 1864, Capt CollinfiOM:^=>«oii 
on the Enterprise f had the wind very changeable in force and direction froi»<z^'"^)ra 
6 p.m. to midt, and at 7 p.m. there was a thimderstorm, accompanied by raiw g'-Maain 
temperature rising to 41^ On August 6, 1851, in 70^' N., 146^° W., Cap<gi:->Bpt 
Collinson had a violent squall with lightning and rain, accompanied by a rise m ^^e oi 
temperature of 20*. 

At Fort Franklin, on the Great Bear Lake, 65 J* N., Dr. Richardson records -K»lecl 
thunder on May 29, 1826, with rainy weather, temperature 41* to 67'6**. 

Commander Pullen at Fort Simpson, 62° N., 121^* W., on June 16, 185» ^^ ^60, 
had heavy thunder and very heavy rain at 2 p.m. At 3 p.m. on May 2 S^ 27, 
1851, there was a heavy gathering of clouds from west to south, a few flashes • ^* o^ 
lightning and distant thunder. The clouds came up fast against a modera .^sr-3Ste 
Easterly breeze. At 6 p.m. it fell calm, and there was heavy rain. On tC^^ the 
31st, at 2.16 p.m., he had a heavy squall from West-south-west, with rain, arac-^^ft^d 
an occasional peal of thunder. In the middle of this month the weather hxm> .fli^had 
been hot, sultry, and oppressive. 

On the Investigator^ in Mercy Bay, 74° N., 118° W., at 8 p.m. (^ ^^ 

November 3, 1861, a flash was seen resembling sheet lightning in the south- we»^^^^*> 

and at the same hour on November 13, 1862, there was a most vivid flash 

lightning in the south-east. On August 16, 1850, in about 70^' N., 148° Y^>^ ^ 
the weather assumed a highly electric appearance, with the air close and oppr^p'"^^^'*'^ 
sive, leading to thunder, vivid flashes of lightning, and heavy rain, 
ture rose from 34° to 46°. 

In Parry's first voyage for the discovery of a North-West Passage, there w 
a similar remark to that made in Mercy Bay in 1851. When at anchor : 
Winter Harbour, 74|° N., 110f° W., at 9 p.m. of September 24, 1819, " ^^"A 
vivid flash of light was observed, exactly like lightning." 

In Capt. Ommanney's weekly manuscript newsjyaper, H^ Aurora Borealw^^'^^^'^ 
appeared the following : — " It has been asserted by various authors that the ^^-^^^5^ 
is no thunder and lightning within the Arctic Circle ; this we are able to 
prove from the fact of a vivid flash being seen, accompanied with a loud lepo; 
on the night of August 28 [1860], when in Wellington Channel," 76° 
96° W. 

The 8th of the following November, the Lady FranJdi'ny in Assistance 

74j° N., 94 J° W., registered two flashes of lightning in the south-east at 3 ^ 

and at 8 p.nL of January 28, 1861, a flash of lightning was seen by one of tK^^ ^^ 
men. 

As already intimated, the neighbourhood of Repulse Bay seems to have boc^^^^^ 
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attTaction for thunderstorms, for the same observer experienced them hereabouts 
in four years. Ellis, in the voyages of the Dobhs and California, states that on 
July 18, 1746, there was a good deal of lightning and thunder somewhere about 
Hudson's Strait, adding *' which, however, does not frequently happen here." 
Capt. Smith, of the California^ had a thunderstorm and rain lasting several 
hours on July 17-18, 1746, in about 63' K, 75"* W., and later, on the 26th, a 
degree further west, a thunderstorm with showers. Scoresby refers to '* Ellis^ 
James, Hudson, and other voyagers " who had observed heavy storms of thunder 
and lightning in Hudson's Bay. During Parry's stay in the Bay in 1821, he 
reports that between 1 1 p.m. and midt of August 6, " several vivid flashes of 
lightning were seen to the westward, and succeeded by hard rain for some hours." 
In the abstract the weather for the 24 hours ending at noon of the 7th is 
entered as ^Hazy and rain, some thunder and lightning/' temperature 42 *" 
to 36°. Dr. John Rae was here in 1854, and on June 9 there was rain all 
night with thunder. When Hall was in the Bay in 1865, he experienced a 
heavy storm in the night of July 15-16. 

'* At 2.30 a.m. the first thunder-clap that I have ever heard in the northern 
regions occurred, the same being preceded by sharp lightning. A little while 
after, loud thunder pealed forth here, there, everywhere around Repulse Bay, 
especially away in the direction of Gibson's Cove, the extreme north-western 
part of Repulse Bay, where were such piles of heavy black clouds — Heaven's 
electric battery — and such a continuous roar of thunder therefrom that I could 
not help thinking of the Almighty hand which holds the elements." Tempera- 
ture, noon 50"*; 3 p.m. 54**; 7 p.m. 45*"; 6 a.m. 41"*; minimum in the night 
37°. 

The storm lasted till 4.20 a.m. One of the Esquimaux, member of a com- 
munity of wanderers over the region between Repulse Bay and Lancaster Sound, 
in 74*" N., told Hall that he had seen lightning twice at Igloolik, Fury and 
Hecla Strait, 69^** N. The members of the tribe never knew lightning to kill 
an Esquimaux, but one of the women said that in the country she came from it 
struck red dogs ; so they always killed red puppies. From this it is evident that 
the natives are familiar with electrical manifestations. 

Another storm broke over the locality a week later, on the morning of July 
24 ; the record at 6 a.m. being " fog, passing showers, thunder, and lightning ; 
thermometer lowest last night, 39*"." Judging by the Index there seems to have 
been a third storm about August 7, but there is no mention of thunder or 
lightning at page 187, only of a storm which began at south-east, with rain 
fiilling in torrents. 

From these notes it seems clear that if we had a more numerous and 
widely-distributed staff of observers in this inhospitable region, noting all 
the phenomena year after year, and all the year round, as in more 
temperate climates, we should find that thimderstorms were not nearly so 
rare as has been asserted, the frequency no doubt depending very greatly 
on the season, the locality, and other circumstances. 

With the view of ascertaining the facts relating to Iceland, I have 
taken the Meteorclogisk Aarbog of the Danish Meteorological Institute, and 
tabulated the records of hail and of thunderstorms at the stations in and 
near Iceland, in the Faroe Isles, and also up the west coast of Greenland, 
for the twelve years 1880-91. The observations are taken at three 
fixed hours daily, in nearly all cases, 8 a.m., 2 p.m., and 9 p.m., 
Berufjord adopting 7 a.m., and Ivigtut 9 a.m., instead of 8 a.m. 
Unfortunately the records are not perfect, for it seems that if anything 
occurs other than at the set hours, it may as well not occur at all, for no 
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record is made of it. For example, the heavy thunderBtorm which Capt 
SimpBon registered at Ivigtat on August Z-i, 1881, yna noted by die 
observer on shore at 8 p.m. on the 3id, bat as it ceiued at 8 a.iii. next 
day there is no notice taken of it with the 9 a.m. set of observations, the 
rwnfall being registered as 1-13 in. However, I present in Table lit 
the results as being the number of days on which each element was noted 
at one or more of the fixed hours. As they stand they present soma 
curious and interesting features. 

At the stations on the Greenland coast tlie records are by no means 
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numerous. Upemivlk, the most northern station, had more than four 
times as many days of hail as Jacobshavn, 3^° to the south, but no 
thunderstorm occurred at either station at any of the fixed houia. 
Godthaab had about 4 days per annum of hail, with a November 
maximum, Ivigtut 2 days a year, and an April wiaTimnm the few 
thunderstorms at both places being at the end of summer. 

Orimsey is a small island lying north of Iceland, and immediately 
beyond the Arctic Circle. Its hail record is a very remarkable one, 
averaging 32 days per annum, with a December maximum of 6 to 7 
days, and no falls in July to September. Yet with a total of 379 
days of hail not a single thunderstorm would appear to have passed 
over the island. 
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BLE III.— Showino thb Numbbb of Days on which Hail ahd THUHiiKEBToaiiB 
WKBt Beoistbbed in the 12 Ykabb 1880 to ISSl. Hail on the Uffbb, 
Teundkbstobms om the Lower Line fob each Station. 



aemivik. 10 ft. 1 

eohihavn. 41 ft. I 
■'3'N.,S0'SS'W. ) 
idthaab. 37 ft. 1 
•ii'N..5i°46'W. J . 
igtut. 16 ft. \ 

''^13'N.,48'II'W. f 
imsey. 8 ft. 
■34'k,iS"3'W. . 
ykkishDlm. 37 ft. 
^■N.,S2°46'W. , 
nifiord. 30 ft. \ 

''4o'N.,'i4''is'w. ; 

'Stmanno. 36 ft. 
' If N., 2o° 18' W. 
lorshavn. 30 ft. 
'22'N.,6'44'W. 



Stykkisholm and Berufjord do not differ very much on the yearly . 
venues, both being from one to two days per annum of hail and of 
lunderatorms, the moBt western station having the maximum hail in 
>ctober, and thunderstorms in December and January, the eastern station 
Etch element most frequent in February. At Yeatmanno, which is not 
ery far from Stykkisholm, the figures show 19 days per annum of 
ail, with a January maximum, and 3 days a year of thunderBtorms 
dth a February maximum. Thorshavn, in the Faroe lalea, has about 14 
ays a year of hail, and less than two days a year with thunderstonns, 
aniiary showing the maximum for each. Taking the three stations on 
he Iceland coast, it appears that thunderstorms occur on the island at 
last from four to five days a year on the average ; and as to the state- 
lent that Iceland stonns are confined to the winter, it will be seen from 
lie table that May ia the only month which has escaped, but there is 
diatinct predominance in winter, for out of the 59 days tabulated, 46 
re in the six months, October to March. After all, facte like these, 
rhich are limited to occurrences at three specified hours instead of 
overing the whole period of 24 hours, can only be regarded as afibrd- 
ig UB a very partial view of the whole truth, and I think we are 
iistified in assuming that electrical atorma are more frequent in Iceland 
nd at the other stations than appears from the figures given above. 

Passing on to the north-eastern space of the Arctic Seas, I will firat 
f all deal with recorda from ships plying in these waters. 

On April 4, 1810, Scoresby had thunder and lightning in 60° N., near 
he meridian of Qreenwich, witb temperature 42° to 37°; andouJulj 15 there 
ras thunder and much lightning in 63° N., 1° W. The most northern thunder- 
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storm was recorded by Capt. Johansen between Bell Sound and IceQord, 
Spitzbergen, latitude 78° N. Lieut. Otto, in command of the 8.8. Albert^ ia 
November 1872, had lightning in 75f° N., 10^"* E., the temperature at the 
time being about 32°. The 1878 Dutch Expedition in De WxUem Barendtt 
visited Bear Island, 74^° N., 19^° K, off the south of Spitzbergen, and on July 
17, with a heavy appearance to the westward, there was lightning at 8 a.in. 
(temp. 45°-2) and noon (temp. 47*-8). Two days later, in 73j° N., 25j° E., 
lightning was again recorded, temp. 45°*7. During Count Wilczek's voyage in 
the Isbjom in 1872, thunderstorms, with the temperature rising to the very 
high level of 61°*6, were observed beyond Hope Island in 77° N., 27* E. 
Payer states that off the Matotschkin Shar on September 14, 1871, ''Heavy 
thunderclouds lay over our heads, just as they do in the region of the Trade- 
winds, and every moment threatened to discharge themselves.'' 

In A Polar Reconnaissance, Capt Albert H. Markham states at p. 175, 
''Whilst on the Matyushin Shar [June 1879], we heard some distant claps of 
thunder. Knowing how very unusual atmospheric phenomena of this descrip- 
tion are in high latitudes, we attributed the noise to the fall of a large quantity 
of snow from the summit of one of the adjacent cliffs, but subsequent reports con- 
vinced us that the noise was really due to the elements, and not to an 
avalanche." 

The summer of 1870, however, proves to have been quite an exceptional one 
in this region from the number of observers who chanced to be there to report 
storms over a very considerable area, all the observations with one exception 
being far beyond the Arctic Circle. 

In voL i. of Meteorologische Beobachtungen angesteUt auf Sehiffm der Russischen 
FlotUy I find that the corvette Warjag made a cruise into these waters during 
this summer, and on June 30, in 71° N., 29° E., she fell in with her first 
thunderstorm, of two hours' duration, temperature 63°'6 ; on July 2, in 68j° 
N., 39f ° E., another with temp. 44*6 ; next day she had lightning in 67^° N., 
41 J° E., temp. 45°-5 ; on the 6th, in 64^° N., 40^° E., a thunderstorm, temp. 
63°-9 ; on the 25th, in 71° N., 63j° E., her fifth storm, temp. 50° ; on Uie 
29th, in 71 J° N., 47^° E., her sixth, temp. 46°-8 ; and next day her seventh 
and last, in 71° N., 45f° E., temp. 45-5. 

The above can be compared and combined with the following : — 

Mr. James Lamont, in Yachting in the Arctic Seas, at pp. 145, 146, de- 
scribing the weather on the west coast of Nova Zembla towards the end of 
June 1870, says, "We had been enjoying nine days of the most lovely weather 
imaginable, not a doud to veil the blazing sun, nor a breath of air to rufle 
the calm glassy sea; but the morning of June 30 saw a change. A brisk 
breeze from the South-west brought with it a dense fog. We had hove-to off 
Pilz Bay [73° N.] during the night, and seized an interval of clearer weather 
to go ashore. The plains were very wet, the air oppressive, and the deer had 
retreated to the high mountain-land. . . . During the day we heard loud and 
prolonged thunder. To the south of us was the heavy rain-cloud from which 
presently fell drenching showers, but no lightning was seen. Pakhtusof, too, 
heard thunder on June 10 [? 1835] in Matotschkin Shar, though it is considered 
a phenomenon of rare occurrence in such high latitudes." 

Capt. Torkildsen, of the schooner Alpha, on July 2, in 70^° N., 60° E., 
had heavy thunder and very heavy rain for a couple of hours, temp. 57°. 
Next day, in the same locality, east of Waigat Island, he had thunder and 
lightning. Cruising between Jugor Strait and Kara Bay, 70° to 69° N., 60° to 
68° E., he had thunderstorms on the 6th, 7th, 9th, and 10th, the mean 
daily temperature being 43° to 50°. Losing his ship, he took over the command 
of the schooner Island, and on July 29, in 72° N., 68° E., he experienced 
another thunderstorm. 
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Capt. Ulve, of the schooner Samson^ in 74^'' N., &&'* E., had violent 
thunderstorms, with extraordinarily large rain-drops, on July 8 and 9, 
temp. 50**. 

Capt Mack of the schooner Polarstem, had thunder and lightning on the 
same two days in 76** N., 56° K; and on the 2l8t, in 71 J' N., 56** K, 
another storm, with temperature up to 60°. 

Lastly, Capt Qvale, on the yacht Johanna Maria^ experienced thunder 
squalls from NNE on July 10, in 70° N., 59° E. 

Here then we have from June 30 to July 30 no less than six ships 
giving between them 21 observations of thunderstorms on 12 separate 
days. Presumably the events recorded on the Warjag and at Pilz Bay 
on June 30, were totally unconnected, being more than 500 miles apart. 
Probably also the storms on the Warjag and the Alpha on July 2, 3, 6, 
and 29 were distinct, with from 400 to 500 miles between them. On 
referring to a map, it will be seen that these storms occurred on both 
sides of Nova Zembla, in the Barents and E^ra Seas. Going back to 
the Eurydice records of 1854, noted in the Meteorological OflBce log, it is 
seen that they cover a period of four months in this region with 1 1 days 
of storms. 

During the forenoon of July 25, 1878, oflF the north-east extremity 
of Nova Zembla, in 76° 50' N., 69° 40' E., Capt. Johansen, of the 
schooner Nordland, had a heavy thunderstorm with violent rain, tem- 
perature 39°'2. 

It seems tolerably certain then from these groups of numerous 
instances, that we have out Nova Zembla way a part of the world where 
there is an abundant store of electrical energy which sometimes breaks 
forth with considerable and prolonged violence. In the face of so many 
observations within a few weeks and in such high latitudes, we are 
surely justified in taking a diflferent view from that hitherto held re- 
garding Arctic thunderstorms. If the information before us is not 
sufficient, let us turn to the very excellent series of meteorological 
observations which are made throughout the Russian Empire under the 
direction of the authorities at St. Petersburg. 

I had commenced to collect the records at the stations north of 60° 
and up to the Arctic shores, which would have been a very heavy piece 
of work, the stations being so numerous. Fortunately, before I had 
proceeded far, I consulted Wild's Bepertorium fur Meteorohgie, and in 
vols. X., xi., xiii., and xvii. found elaborate monographs on " Die Gewitter 
Kusslands" for the five years to the end of 1888, by A. Schoenrock for 
1884 and 1885; Emil Berg for 1886; Arthur Beyer for 1887; and 
Eugen Heintz for 1888. The several authors have followed one plan 
in discussing the subject of thunderstorms, just as the observers have 
kept to one uniform system of recording the particulars relating to each 
storm — ^whether in Poland or on the Behring Sea, on the Caspian or on 
the White Sea. 

For the purposes of the discussions, the empire has been divided into 
a number of districts, and the Northern Zone is the one which concerns 
us. It embraces the governments of Archangel, Olonez, Wologda, and 
Novgorod, covering an area of nearly 250,000 square miles, almost the 
whole of it being on the polar side of latitude 60° N., the stations in- 
cluding, in addition to land ones, the lighthouses off the northern shores, 
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which, of couree, are only tenanted during the brief summer season when 
navigation is possible. 

The results of the five separate investigations, so far as they relat« 
to the region to the north-eastward of St. Petersburg, are exhibited in 
Table rV,, giving a variety of particulars connected with thunderstorms, 
and also some facts bearing upon the question of hail as an electrical 
met«or. The storms may be said to be wholly confined to the aummer 
months, seldom occurring before April, and as rarely after September or 
the opening days of October, 
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The only column in the table which does not explain itself is that 
which gives the thimderstorms per day (Gewitter pro Tag), the figures 
being arrived at by dividing the number of storms experienced by the 
number of days on which they occurred — they are liable to have more 
than one In a day. 

There are some very interesting facts disclosed in these figures. I 
have already pointed out that our knowledge of Arctic meteorology is 
extremely limited, because we have only information from what is nothing 
more than an occasional visitor. In Northern Russia, when there were 
only 37 observers, the absolute number of days on which thunder- 
storms were registered was 67, itself an abnormally high figure, 
but as the number of observers increased the thunderstorm frequency 
rose to over 100 days per summer season in 1887 and 1886, 
indicating that in some months storms are practically everyday oc- 
currences in one part or another of this area. Natimdly the number of 
storm days per annum per station varies from year to year, but the 
average in 1887 exceeded 14. In 1885 Petrosawodak, 62° N., 34J° E., 
had as many as 22 days with thunderstorms, Wytegra, 61° N., 36J° E., 
18. Obdorsk, on the Arctic Circle at the mouth of the Obi, ranges up to 
1 2 days in a year. In still higher latitudes Kola, Teriberka, Swjatono^ij 
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lighthouse, Orlowskij and other places, are annually made acquainted 
with thunderstorms ; and going much farther east, into Northern Siberia, 
Turuchansk, 66° N., 87^° E, and Ssredne Kolymsk, 67^° N., 157J° E., 
have several storms per annum, while even the coldest place on the 
globe, Werkojansk, 67^° N., 134° E., has an occasional electrical 
display. 

That the thunderstorms of Northern Eussia are not very trivial ones 
is evident from the fact that the duration of more than half of them 
exceeds an hour, about one out of every six lasting more than a couple 
of hours. Eather more than a quarter of them are returned as light, 
and one-fifth of them are very heavy. The direction in which they travel 
seems to be fairly uniform from year to year, originating in some northern 
localities and travelling on a south-westerly or south -south -westerly 
course. 

At sea we have seen that the hail records greatly outnumber those 
of thunderstorms, but here the conditions are completely reversed, for 
'the last coliunn in the table shows that at these land stations the falls 
of hail form [only from 4|^ to 9^ per cent of the number of thunder- 
storms. 

What may be the precise explanation — and there must be an explana- 
tion — of the peculiarities brought to light in this discussion, both as 
regards the frequency and the distribution of hail and of thunderstorms 
in very high latitudes, has yet to be determined. We know absolutely 
nothing of the condition of the upper atmosphere of the Arctic regions 
as regards temperature, and so on. We must all hope that Herr Andr^e's 
proposed balloon trip to the Pole will be entirely successful, but even if 
only partially so, and the aeronauts are compelled to come down much 
sooner than they expect, we are likely to learn something new about the 
upper atmosphere of the north. It may be urged that pure hail cannot 
form in excessively low temperatures, but when the thermometer is 
anywhere below zero, on board ship or on land, we do not know what 
the temperature may be at the same time 1000 or 5000 feet overhead. 
The hail records quoted in this paper have frequently occurred with 
the temperature of the lower air well above the freezing-point, so that 
there is nothing unreasonable in accepting the observations as those 
of hail and not of graupeL Indeed in some of the latest publications, in 
which symbols are used instead of words, it is clear that hail falls as well 
as graupel; the Dutch series of circumpolar observations for 1882-83 
show both, the hailstones being more than a tenth of an inch in 
diameter. 

If we propose to explain the succession of days of thunderstorms 
about Nova Zembla by the mingling of the warm waters of the Gulf 
Stream with the cold waters of the White Sea, we are immediately met 
with the question : What is there to excite the electrical conditions about 
Repulse Bay, where there is not a drop of Gulf Stream water, but only a 
constant flow of icy cold water from the northward ? 

To enlighten us on these points we require to have a very much more 
complete and regular system of observations — a larger number of regular 
observers stationed in all sorts of situations, and this we are not likely to 
have — ^at any rate not in our own generation. There is nothing for it, 
therefore, but to do the best we can with the scanty, often scrappy, 
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material which is available, and I trust that the facts now brought to the 
notice of the Society will be of some value to investigators of electrical 
phenomena, and justify the time spent in collecting the information and 
in the preparation of this commimication.^ 



DISCUSSION. 

The President (Mr. K Mawlet) said that the Society was greatly indebted 
to Mr. Harries for throwing new light upon the question of Arctic hail and 
thunderstorms, and also for the time and trouble he had devoted to the extraction 
from numerous logs all the entries bearing upon it. There appeared to be a 
discrepancy in either one or other of the Tables, Table IL showing a larger 
number of thiuiderstorms for the summer months, while in Table IIL there 
were fewer than at any other season. 

Mr. R H. Scott said that he was inclined to think that most of the records 
of hail brought forward by Mr. Harries were not of hailstones, but of soft hail 
or " graupeL'' He was not sure that Mr. Harries was justified in claiming that 
he had discovered the breeding-place of Arctic thiuiderstorms. 

Mr. R Inwards thought that the paper so carefully prepared by Mr. Harries 
would be extremely useful to future meteorologists, as dispelling another fallacy 
which was becoming almost a superstition, viz. that thunder and hail occurred 
but seldom in the Arctic and Antarctic regions. 

Mr. W. B. Tripp said that he had noticed in the paper that the members of 
a tribe of Esquimaux between Lancaster Sound and Repulse Bay were reputed 
to have said that Arctic lightning had never been known to kill a human being, 
while dogs were frequently struck. He should like to know whether the light- 
ning might have less tension in the Arctic regions, or any other peculiarity; also 
whether there was any definite relation between the deaths from lightning and 

^ Since the reading of the foregoing paper observations of thunderstorms have been noted 
at the Circumpolar Stations of 1882-3: — Fort Rae, SodankylS, Bossekop, and Ssagastyr 
(mouth of the Lena).) In ** further papers relative to the recent Arctic expeditions in 
search of Sir John Franklin " {Parliamentary Papers^ 1855), pp. 217-251, Commander 
Sherard Osbom's Journal shows "t" in the weather combinations on eight days in May, 
June, and July 1853, between 75i° to 76i° N., 98** to 106** W., temperatures firom ir to 
57°, liail being mentioned twice in June. At page 941 of the same volume Mr. Simpson, 
Surgeon, states that " Thunder is a rare occurrence at Point Barrow [71* N., 156* W.], but 
not altogether unknown to its inhabitants, and they say the sound of it is caused by a man 
spirit, who dwells with his family in a tent far away to the north. This Esquimaux 
representative of Jupiter Tonans is an ill-natured fellow, who sleeps most of his time ; and 
when he wakes up he calls to his children to go out and make thunder and lightning by 
shaking inflated seal-skins and waving torches, which they do with great glee until he goes to 
sleep again." One of their tumgaitit or evil spirits, " strikes a man dead in the open air, 
without leaving any mark on his body" — possibly this refers to lightning. Franklin's 
Narrative of a Journey to the Shores of the Polar Sea shows five days of thunder in July 
1821, between 67'' to 68° N., 110° to 117° W., and in addition to the thunderstorms quoted 
firom his Narrative of a Second Journey ^ as having occurred on September 11, 1826, at 
Fort Franklin, there was another instance on May 29, 1825. Sutherland's Journal qf a 
Voyage in Baffin^ s Bay and Barrow Straits gives lightning on May 23, 1860, in 71 J* N., 
54|** W. Lieutenant Fabvre, in the voyage of " La Recherche," gives thunder in the north 
of Norway on May 15 and 20, 1839 ; lightning in 704° N., 22i° R, on July 11 of the same 
year ; thunder and lightning at Archangel on August 12, 1840 ; and thirteen days later 
frequent lightning in 71 J° N., 24° E. In Back's Narrative of the Arctic Land EacpedUum to 
the Mouth of the Great Fish River, 1833-35, there is, facing p. 408, a full page engraying^ 
"Thunderstorm near Point Ogle" (68i° N., 95° W.) on August 8, 1884. The only 
remark I have found bearing upon the size of Arctic hail is in Leslie's translation of 
Nordenskjold's Voyage qf the Vega round Asia and Europe, voL L p. 276. lieutenant 
Bossmiuslov in Matotschkin Strait relates that " on April ff , 1769, there was a stoim from 
the South-west, with mist, rain, and hail as large as half a bullet" 
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the nnmber of thunderstorms in this country, as if there were few deaths one 
might aigue few thunderstorms in the higher latitudes. 

Mr. W. Mabbiott did not see any foundation for the general belief that 
thunderstorms did not occur in the Arctic regions. On January 23, 1895, a 
thunderstorm and squall of great severity, accompanied by snow, passed over 
London, at a time when the temperature was low. In answer to Mr. Tripp, 
he said that a complete record of the deaths by lightning was given in the 
Begistrar-General's Reports. Inspector-Qeneral Lawson had also read a paper 
before the Society {Qaarterly Journal, voL xv. p. 140) which showed the deaths 
from lightning to be remarkably few — in fact the average for the twenty-nine 
yean, 1862-1880, was only 19, which was less than 9 per 10,000,000. 

Mr. B. Latham said that great praise was due to Mr. Harries for bringing 
this subject before the Society. It was really difficult to conceive a reason why 
the Arctic r^ons should be free from thunderstorms when the aurora borealis, 
which was so common in these high latitudes, was essentially an electrical 
phenomenon. With regard to the height at which hailstones form, he had at 
his former residence at the top of Park Hill, Croydon, during a thunderstorm 
in June 1878, ocular demonstration that the formation could only have occurred 
a few feet above the surface of the ground. The stones in this storm were about 
three-quarters of an inch in diameter, and descended so gently that they could 
not have fallen from any great altitude, while at the bottom of the same hill 
almost every pane of glass which was exposed to the storm was broken, showing 
what the effect of increased velocity had been in falling from a greater altitude. 

Mr. C. Harding inquired if there was not a strong wind blowing at the 
time, which would perhaps explain the way in which the hail fell. 

Mr. B. Latham said that the air was nearly calm at the time, and that the 
peculiar sound of the stones clashing together was heard before they were 
precipitated. 

Mr. H. Habries, in reply, said that no satisfactory comparison could be 
instituted as to the very obvious seasonal differences in the frequency of thunder- 
storms exhibited in Tables II. and III., to which the President had drawn 
attention. Table II. is based exclusively on observations obtained from ships, 
and, as stated in the paper, the Polar seas are practically free from visitors in 
the winter months. The explanation of the decided preponderance of winter 
thunderstorms in Iceland is no doubt the same as that for the corresponding 
feature noticed along our western and north-western coasts — Professor Mohn's 
" cyclonic," as opposed to " heat," thunderstorms. (The monthly distribution at 
Bernfjord and Vestmanno on the south coast of Iceland is much about the same 
as IB shown in the Thunder-table for Valencia Island, given in Mr. Cullum's 
paper which follows.) 



CLIMATOLOGY OF VALENCIA ISLAND, COUNTY KERRY. 

By J. K CULLUM, F.RMetSoc. 
Plate III. 

[Read June 17, 1896.] 

Introduction. 

The observatory at Valencia owes its origin to a recommendation con- 
tained in a letter from the President and Council of the Royal Society, 
l>earing date June 15, 1865. This was to the effect that six observa- 
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tones, meridionally situated, should ba established iii the British Islands, 
furnished with self-recording apparatus. These were to be placed " in 
localities where some permanent establishment of a scientific character 
exists, and where a certain amount of supervision may be secured." The 
six stations there proposed were Aberdeen, Armagh, Falmouth, Glasgow, 
Kew, and Stonyhurst. The letter goes on to say, "To these eix 
stations the President and Council would have been very glad to have 
added two others, one in the south-west, and the other in the north-west 
of Ireland. For the former of these possibly Valencia may present a 
fitting locality, when an establiBhrnent shall have been formed there as 
the connecting link by means of the Atlantic telegraph betwee 
and America." . j 

The idea of connecting the management of the observatory wital 
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telegraph ofiice was not carried further, and it was decided by tlio 
Meteorological Committee to create the observatory and control it 
from London. As funds were not available for the erection of a spe<^ 
building for the observatory, a dwelling-house, known as the Revenue 
House, was rented and fitted up for the reception of the instruments. 
This house is situated on the shore of the stnut separating Valencia 
Island from the mainland of Ireland ; it was distant three miles from the 
open sea, so that it was not exposed to any heavy waves. 

The station from its geographical position is perhaps the most in- 
teresting and important of the whole seven. It is situated on the extreme 
south-west coast of Ireland, in lat. 61°54' N., and long, 10°I8' \V., and is, 
with the exception of the extremity of the Dingle Peninsula and the Bhuket 
Islands outside that, the most westerly point in Europe. It is open to the i 
full climatic influence of the Atlantic Ocean. The only other station cpf ihi 
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vintor, summer, and equinoctial, to be used according to the varying 
declination of the sun. 

Baromeiricai Pressure. 

In treating of the mean resulta, the figures for the 20 years 1871-90, 
making four complete lustra, will alone be dealt with, so that the 
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numerical results may be comparable with those for other stations for 
the same interral. 

The means for the entire period of 23 years {1869-91) will, however, 
be found at the foot of the tables, and when dealing with the extreme 
readings the whole period of 23 years has been taken into consideration. 

The curve of mean monthly pressure for the 20 years is given in 
Fig. 3. It presents features of some interest. There are two muTim*, 
in June and September, and two minima. The first minimum, that in 
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Description of the Instruments. 

A full account of the construction of the various automatic instru- 
ments has appeared in the Reports of the Meteorological Committee for 1867 
and 1870, and it will therefore be unnecessary to do more in this place 
than to describe them briefly. 

The barograph and thermograph are both photographic, on the prin- 
ciple originally devised by Sir Francis Ronalds. The barometer tube is 
of the ordinary pattern, and the record is obtained on the prepared paper, 
stretched on a drum, by the admission of the light of a lainp through 
the Torricellian vacuiun at the top of the column. The record is in the 
form of a dark band, of varying width, of which the lower edge repro- 
duces the motion of the actual mercury surface. The drum is driven by 
a clock, and revolves once in 48 hours, marking its own time scale by in- 
terruption of the illumination every two hours. The barograph is further 
provided with a self-acting temperature correction, which will be found 
fully described in the accounts of the observatory outfit to which allusion 
has already been made. 

The scale for measurement of the photograms is obtained by means 
of readings of a standard barometer, which are taken at frequent intervals 
during the day. 

The thermograph is constructed on a principle somewhat similar to 
the barograph, but modified owing to the necessities of the case. The 
object photographed is a bubble of air, introduced into the mercury 
column of the thermometer, which moves up and down with the rise and 
fall of temperature. The thermometers are long instruments, of which 
the tubes are twice bent at a right angle, so that the portion of the tube 
in which the bubble is placed can be brought inside the room in which 
the lamps and the recording apparatus are placed. By an adjustment of 
the tubes and lenses the records of the dry and wet thermometers are 
thrown on the same paper at a convenient distance asunder. The 
arrangement for marking the time scale is the same as in the barograph. 
The standard thermometers for the control of the photographic curves 
are furnished with large bulbs, so as to resemble the thermograph instru- 
ments, whose indications they are destined to check. 

The anemograph is of the well-known Robinson pattern, with the 
addition of the Beckley windmill - fan arrangement for recording 
direction. 

The rain-gauge was designed by Beckley, and its chief feature is an 
ingenious arrangement of the toy known as the Cup of Tantalus. The 
receiver is circular, and of the area of 100 square inches. The rain is 
conducted into a cup, which descends as it fills, until an amount of water, 
corresponding to 0*2 in. of rain, has accumulated. A siphon then comes 
into action, the cup is emptied, and rises to receive a fresh load. The 
motion of the cup is recorded on a drum. 

In the case of the anemograph and rain-gauge the drums revolve in 
24 hours, not in 48. 

The only other automatic instrument at the observatory is the sun- 
shine recorder, which is of the pattern known as the Campbell-Stokes, 
and consists of a glass ball fixed in a frame bearing the cardboard slips 
on which the solar image falls. These cards are of three kinds—- 
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-winter, summer, and equinoctial, to be used according to the varying 
declination of the sun. 

BaromeiricaJ Pressure. 

In treating of the mean results, the figures for the 20 years 1871-90, 
mnahing four complete lustra, will alone be dealt with, so that the 
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numerical resulta may be comparable with those for other stations for 
the same interval. 

The means for the entire period of 23 years (1869-91) will, however, 
be found at the foot of the tables, and when dealing with the extreme 
readings the whole period of 23 years has been taken into consideration. 

The curve of mean monthly pressure for the 20 years is given in 
Fig. 3. It presents features of some interest. There are two maxima, 
in June and September, and two minima. The first minimum, that in 
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April, is most Btrilring, owing to the extreme abruptness with which it 
occurs. 

The range has a total amplitude of 0123 in., from 29-860 in. in 
April to 29'973 in. in June. The minimum in November is nearly as 
low as that in April, but the oscillation of pressure is not nearly so 
marked. 

The Div/mal Bange of Pressure. 

The monthly values of the co-efScients of the first three terms of the 
harmonic analysis of the records for the 12 years 1871-82, a complete 
Bunspot period, for Valencia as well as for the other observatories, will be 
found in Harmonic Aiwlym of Hourly Observations of Air Tanperature and 
Pressure at British Observatories, published by the Meteorological Office in 
1891. These values were determined by the use of the harmonic 
analyser devised by Lord Kelvin, and for further particulars reference 
must be made to the introduction to the publication just mentioned. 



TABLE I. — Mean Monthly and Anstial PaEsanBB e 
Years 13B9 to 1861, with the Means for rac 
WHOLE Period (reduckd to Mean Sba-i.bvbl). 



E TwENTT-THRKK 



Y.=r.. 


J.-... 


K.b. 


M^. 


April. 


M>j-- j™=. 


July- 


A.B. 


S^pr. 


Oc. 


Nov- 


D«. 


Ma 


ifi69 


29748 


in. 
29-901 


in. 
29-991 


in. 
29-952 


29-777 


30-161 


3o-(H2 


30-208 


29-688 


30-117 


30024 


in. 
29.833 


29-< 


1S70 


29-871 


29-768 


30-090 


30-142 


29-977 


3o-"97 


30027 


30043 


30004 


29-7K 


29-770 


29-905 


2M 


1S7. 


29-76] 


29-89S 


29-940 


29-73^ 


30.109 


29-963 


29-805 


29-986 


29-888 


29-81. 


29-971 


2« 


1872 


29.426 


29-545 


29.6S7 


Z9-95C 


29-998 


29-S6S 


29-874 


29-965 


29-853 


29-696 


29-599 


29.441 


29-5 


1873 


29-516 


30.144 


29-S03 


30-112 


29-995 


29-990 


29-857 


29-896 


29-968 


29-847 


19-892 


30-184 


»9f 


IS74 


30001 


29-825 


30.184 


29-808 


29-993 


30-130 


29.951 


29-941 


29-815 


29-S.4 




29-S90 


2M 


.875 


29.664 


30020 


301I1 


30-003 


29-956 


29-867 


30.042 


30-012 


29-943 


29-67S 




30036 


2M 


.876 


30-148 


29.7.8 




29-814 


30-200 


29-985 


30097 


29-944 


29-794 


29.772 


29-733 


29-2S1 


^ 


1877 


29-658 


30-015 


29.8^ 


19.634 


29-835 


29-936 


29-93* 


29-8.1 


30075 


29-920 


29-565 


30034 


t9i 


1878 


30.194 


30-15* 


3o-aos 


29-733 


19-677 


29-874 


30-09S 


29-716 


29-9S6 


39-684 




29-775 


2M 


Isto 


29'873 


29-931 


29-684 


30-095 


29-676 


29-853 


29.777 


39-932 


30-152 


30-309 
29-874 


30-201 


2M 




30-337 


29-641 


29-969 


29-870 


30-128 


29.960 


29.905 


30-0:5 


29-953 


29-965 


29-931 


^ 


1881 


29.S62 


29-786 


29.848 


19-923 


30-073 


29-929 


30.003 


29-848 


29.957 


29-925 


29-660 


29-892 


1882 


30-2:9 


30.109 


29-999 


29-705 


29.963 


29-903 


29.776 


29-969 


29-900 


29-773 


29-765 


29*49 


29* 


1883 


29.6Sb 


29-S63 




29-941 


29.964 


29-979 


29-848 


30-007 


29-81. 


29-950 


29-779 


30-351 


2« 


1884 


30.00S 


29-676 


29766 


29-792 


29-938 


30.130 


29-860 


29-979 


29-958 


30-: 39 


30-166 


29-S62 


2« 


1885 


J9-74S 


29.521 


30-1:0 


29-737 


29-803 


30KJS4 


30-167 


29-967 


29-837 


29-846 


29-771 


30-194 


29J 


igS6 


29-754 


30055 


29-795 


29-886 


29-881 


30-047 


29-S42 


29-924 


29-879 


29-676 


29-875 


29-704 


29J 


1887 


29-887 


30-21 1 


30-099 


30-059 


30-121 


30-185 


30-025 


29-978 


29.979 


30- '75 


29-696 


29-S95 
29-808 


3" 


1S8S 


30-173 


30-168 


29-667 


29-952 


29-993 


29-908 


29-777 


29-959 


30-165 


30026 


29-674 


29" 


1889 


30-' 59 


30-093 


30-028 


29-78. 


29.764 


30065 


29-974 


29-90: 


30-067 


29.709 


30.84 


300S4 


29- 


1890 


29-740 


30-134 


29-844 


29-877 


29-753 


29-994 


29-972 


29.934 


30.051 


30-184 


29-S9S 


29-964 


29- 


1891 


30-104 


30-361 


29-93: 


29-925 


29-834 


29-956 


J9-998 


19-803 


29.920 


29-578 


29-774 


29-833 


29- 


Means 
1869^, 


29-889 


29.9:7 


29-933 


29.S70 


29.949 


29.990 


29-945 


29-938 


29-93 


29-876 


29-858 


29-899 


29- 


Means 


29-674 


29.SS6 


29-947 


29-921 


30-010 


29.963 


29-906 


29-960 


29-893 


?9-76< 


29-850 


39-9.9 


29- 


1876-80 


30-022 


29-803 




29-747 


29-987 


29-SS6 


29-97S 


29-853 


29-948 




29-889 


29-844 


2» 


1881-S5 


29.904 


29-79 




29-820 


29.948 


30-003 


29-93 


29-954 


29-89, 




29-328 


29-970 


2» 


1886-90 


29-943 


30-132 


29-SS7 


29-911 


29-902 


30-040 


29-918 


29-939 


3002S 


29-954 


29-865 


29-89 


29 



Of late years the numerical calculation of the hourly means of 
pressure has been completed for all the observatories up to the year 
1690; in the case of Valencia and three other stations this work has not 
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yet been pubUahed, but I have received penniasion from the Meteoro- 
logical Council to extract from it the i-esulls for the four lustra (1871-76, 
1876-80, 1881-85, 1886-90), and have calculated the means of these for 
the 20 years in table II. 

I Month dubino 




Tables III. and IV., giving the extremes of pressure in the Bsverul 
months for the entire period of 23 years, are the more valuable, ! 
pared with similar tables for ordinjiry stations, as they are compiled from 
continuous records. It must be admitted that in some few cases the 
absolute extreme, maximum or minimum, may have been lost, owing to 
insuflicient illumination, for the arrangement of the barograph is such 
that only a space of about 3 inches receives light, so that in case of a 
very sudden fucillalion nf jireasui'o the barograph tube must be raised or 
lowered sd n- m -c.iirr thru, the top of the mercuriiil column shall not 
pass out of the liiuminated space. 

The absolute extremes show a considerable range, from 30-940 in. on 
January 14, 1891 to 28070 in. on January 16, 1871, giving a 
difference of 2870 in. 

The following values show the total range of the barometer for each 
month during the 23 years : — 

Ju. Fab. Uu. Apr, Ktj. June. July, Ang. Sept OcC Not. Dec 

2-870 2-111 2-420 1-919 l-aio 1-520 1-425 1-S22 2031 2-329 2-162 2-399 

They show on the whole a regular curve with its maximum in 
J&nu&ry and ite minimum in July. There is a slight secondary maxi- 
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DU PBESSrBE 


roB E 


A.OH MONTB Jl 


J4£ YeAB 




DUBINO THE TwESTY-THEBB YbABB 1889 TO 18B1. 


Van. 


Jan. 


Ffb. 


M.r. 


Apnl. 


May. 


J.... 


July, 


A.g. 


Sepl. 


Oct. 1 Nov. 


D«. 


,. 


I86q 


10- V9 


30-462 


IO-41S 


IO-ZIS 


30-117 


W-411 


10.410 


10.469 


30-S30 


in. 1 in. 
30.580 30-561 


in. Ho: 

3o-563j3oSf 




S^J^ 


10-48: 


30-47: 


30-49< 


30-45; 


30-17^ 


30-32; 


10-17^ 


10-46^ 


30-43230.518 




,lo-« 




30505 


30.56: 


30-24. 


30.39* 


30.405 


30-19. 


10-48S 


10. Ill 


30-374: 30-295 


30-4'); 






10.0s) 


30.09- 


30.i9< 


30.351 


30.43< 


30.22; 


30.17* 


30.35: 


30-311 


30-346 30-401 


loosr 


10^] 


.871 


aq-oSi 


30-72! 


io-tgt 


30-445 


30-37' 


30-39' 


3O.1S8 




30.52c 


30-499: 30-4S0 


30-57' 


10-7» 




30-71; 


30-54; 


3o-76( 


30-251 


30-40! 


30-57' 


30-33' 






30.370 30-441 


30.42. 




iS7<i 


30-4 3< 






30.60. 




30-2;! 


30.467 






30-487 30-350 


30-545 






30.62} 








30.412 








30.17? 






1S77 






30-Z& 


30-Z8; 
















1B7K 


30-641 




10-68. 


30-167 


30-zo; 


30.1 SI 


30-41' 


30-251 


10-11 s 


30.165,30-451 


30-411 


10^ 




30-53; 


3032' 


30-491 




30-58; 


30.12; 


30-13: 


30-33: 


30-42( 


30-521130-715 


3&62( 


,»Ti| 




30-53: 


30.53; 


30-45^ 


30.47? 


30-47' 


30-33! 


30-17; 


30.27. 


30.43; 


30-36S, 3C^S45 








30'4S; 


30-384 


30-ss( 


30-30; 


30-65: 


30-36; 


30-22; 


io-iA' 




10.47! 


30.217 


30-54; 


VM151 




30-90: 








30-46. 


3o-26( 




30-467 


30-43; 


30-645 


10.19t 




3>W 


188, 




lO-SK 


30-77; 






30.471 


30-29; 








30-505 


3069; 








30.464 




30.27c 






30.22} 








30-7 M 






.BSS 




30.i6i 


















30-171 




lo*T 




3°-39i 


P-S4I 


10-1SS 


30-425 


30-32-1 


30.315 


10-18S 


10-32f 


10-371 


10.2h: 


30.76,1 


,30.43; 


lo-Tft 


1887 




30-59. 


30.59: 


30.53-1 


30.5 IC 


30.46; 


30.44c 


30-3Si 


30-5*; 


30-67; 


10-112 


,30.44' 






30.59* 


30-555 


30.491 


30-371 


10-481 


30-252 


30.25: 


30.401 


30-52-1 


30-394 30-317 


30-54!^ 


10-S9 






30-54; 


30571 


30-2ik 


30-oSt 


30-505 
30-408 


30-Si( 


10-2 s* 


30.4IC 


30.214 30-572 


30«W 






30-50^ 


jo-7o( 


lo-sqJ 




3o-27t 




30-277 


30-54^ 


30-564, 30-433 


30-4SC 30-Jo 


liigi 


30.940 


30-756 


30.650 


30-351 


30356 


30-431 


30-312 


30.322 


30-354 


30-497 30-640 


30-504 


30W 


for .h= 


30.940 


30-890 


30.777 


30.604 


30.652 


30-579 


30-S16 


30-485 


30.544 


30-673 30-763 


30-697 


JO-M 





EXTHEIIB MiNIMnU pREBBCkB FOB 


BACH 


Month 


A.ND YBAB D 


vm\Q 




THE Twenty-three Years 1869 TO 1881. 


Y^s. 


Ji.r. 


F=b. 


M.r. 


April, 


M.y. 


J.... 


July, 


Aug, 


Sep'. 


Oct, 


No.-, 


Ds. 


Vo,, 


1869 


28-386 


28-751 


29-169 


29 .28 2 


28-961 


29527 


29-553 


29.640 


29.(i64 


in. 
29-343 


in. 
29-281 


in. 

2S-S«1 


in. 

28.18 


1870 


28-516 


28-726 










29.68' 






SSi 




28-541 


28-511 


1871 






28-92: 
















29 wi 


2S0f 


■872 


2S.32; 


28-941 


28-891 








29.48I 








28-301 






1873 


28-27C 


28-675 


2882; 


29-42! 


29.32! 


29.441 


29-35- 


29.19; 


29.20; 


28-915 


28^1 


29-117 






29.131 


3S.471 


29.39} 




29.50; 


29.61) 


29-441 


29.17; 


29-Do; 


29-131 


28-79- 










^9-31? 


29-071 


29-031 


29. 141 


29-07; 


29-42; 


21(.S6( 


29-301 


29H33I 




s;a 






29.551 




i8-3S; 


28-851 




29-521 


29.51; 


29.041 


29-21 ( 








187? 




29-46; 


^-70; 


28-845 








28-86^ 


29.36! 


28-941 


28-325 
29-348 






1878 




29.461 


29-26i 




2901 f 










28-471 






1879 




28.631 








29-128 


29-1 It 






29.58: 


29.93? 






29.56J 


28-53; 


29.0S: 


29-23! 




29-436 


29-41; 


29-321 




28.855 






2S-5V 






28.945 


28.91 c 


29.42; 


29-29; 




29-35' 


29-105 


29.231 




28-445 


































.88, 




28-70S 




28.9.. 




29.462 


29-264 


29-2S1 


28.46; 


2S-941 




29*3^ 










2S.91: 












29-17) 


29-47' 


29241 


29-10; 


2!t-ii: 




28.421 




29-00: 


28.69, 






29-661 








28.551 


29-175 
28-29! 


2V42< 














29-621 


29-081 






28-74: 






18S7 




29-432 


29<110 


29-115 


29.404 


29.621 


29.241 


29-287 


28-89- 




28-41 = 


i8-99< 






29-071 


29-SiJ 


28-401 




28.852 
29-2S6 


29-39; 


29.28i 


29.177 


29-731 


29-381 


28-94? 












28-84C 




39-361 




29.18: 


29.41. 


29-03( 


29126 




2!H(* 


1890 






2S.921 




2q..8( 


29-20t 










28.99t 


29-12; 




189, 


29-235 


29-70S 




29-194 


29-232 


29-169 


29-533 


2S-901 


29-157 


28.344 




28-95' 


28-3* 


E«.r™« 


2S07U 


2S.479 


28-35? 


28-694 


2S-743 


29-053 


29-081 


aS.K63 


28-463 


28.344 


28.301 


28-298 


S8-07 



• This was a reading of the Staniiird Barometer. The mercury had fallen below Uia alH 
illnminaUd by the burner, and the Barograph couReqnontly failed to record the lowest pinnt 
reached ; standard readings were taken at frequent inl«rvalB, and appBrentl; 28-070 in,, tlie 
reading adopted, was very near the true mininiuni. 
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m^im in November. The decrease of over half-an-inch {0-501 in.) in the 
amplitude from March to April ie more marked than the increase in the 
autunm between August and September, which only amounts to 0*459 in. 

As regards the actual extreme maximum pressures it will be noticed 
that in the whole interval of 23 years, in only one month, viz. January 
1873, haa the maximum been below 30 inches, the mercury rising to only 
29'81 in. This was a particularly stormy period, no less than eight severe 
galea having been experienced in the month. 

The minimum has been extraordinarily high in two of the months, 
viz. November 1879, 29-939 in., and June 1870, 29783 in. The 
mercury haa never fallen below 29 inches in either June or July during 
the whole period. 

Temperature. 
Table V. gives the mean monthly temperatures for the entire period 
of four lustra. The means for the four lustral intervals are given separately, 
and those for the 23 years at foot. The first three months exhibit a striking 
uniformity in the mean temperature, a feature which extends bock to 
December. The figures are represented on Fig. 3, p. 271. 

TABLE T. — Heak Hohtblt akd Anxual Tbhpbbatube dcbiho thb Twehtt-tbsbx 
Ykabs isea TO 1891, WITH TEE Means for each Ldbtsuu, and fok tbk whole 
Pebiod. 



Y=i.s, 


J-n. 


Feb. 


Mar. 


Ap.il. 


M.y. 


June. 


July. 


Aug. 


S^p.. 


Oc. 


Nov. 


Dec. 


M«n. 


1869 


477 


487 


447 


5''7 


51-4 


567 


6?. 4 


60-J 


57-' 


54-1 


51^2 


43°-9 


S*-3 


.87^ 


44-3 


417 


45-6 


49-7 


52-3 


577 


6o-8 


61-6 


S87 


537 


46.5 


40.S 


5*' 


1S71 


43-2 


477 


477 


507 


5S-0 


57-5 


5B.4 


6Q.4 


557 


S3'5 


47-0 


44-9 


51.8 


:S72 


45-7 


47-2 


47-5 


48.5 


SO-7 


SS-i 




59-6 


57-2 


497 


47-0 


46-3 


51-2 


1S73 


45-5 


41-9 


44-S 


49-5 


52-7 


S7-D 




587 


55' 


505 


471 


49-0 


s-^s 


1874 


16-3 


46-5 


47-9 


49.S 


S3-3 


58.0 




Si 


557 


52-3 


49.4 


43-5 


51-8 


1875 


49-1 


43-3 


45-7 


50-3 


S3-4 


SS-5 


S8-, 


S9'6 


52.; 


467 


44-8 


51-6 


1876 


4S-7 


46-S 


43-9 


48.5 


5 '-9 


SS-4 


S9-S 


60.1 


SS-9 


54-0 


49-7 


47-0 


5'-S 


.S77 


46-6 


475 


4S-4 


43-5 


511 


S7-3 


57-6 


S8-5 


r. 


53'8 


48-5 


471 


5"-4 


1878 


47-0 


47-8 


47-4 


50- ( 


53-3 


56-9 


62-0 


611 


53-2 


43-9 


39-3 


Si-7 


,879 


41 -s 


43-6 


45-3 


465 


S»o 


S4-9 


SS-5 


S7-0 


S4-S 


5>-i 


46.5 


44-5 


49-2 


j88o 


44-3 


46-3 


48-5 


48-5 


53-0 


S6-6 


58-9 


62-S 


59-4 


47-1 


47-6 


46-5 


51-6 


1S81 


38.6 


43'8 


46.1 


48-3 


S4-2 


55-3 


57-9 


S7-0 


557 


51-9 


52-1 


45-2 


50-5 


1882 


477 


47-8 


48-3 


49-1 


53-2 


55-3 


57-' 


58.4 


53'9 


S'-S 


47-S 


43-7 


51-1 


1883 


46-3 


45-3 


422 


47-6 


5^8 


56-2 


Itl 


5S.2 


56.2 


Sa-i 


48-S 


46-3 


50-5 


.884 


47-9 


46-0 


46-5 


477 


53-0 


55-6 


58.9 


57-4 


S'-9 


t^i 


45-6 


5i'3 


188s 


44'4 


45-3 


44-2 


46-9 


49-1 


55-3 


S9'4 


S9'3 


55.6 


49-0 


48.8 


44.8 


50-2 


.886 


41-9 


43-4 


43-5 


48.2 


50.6 


S6.9 


59-3 


S8-9 


57'i 


52.6 


48.6 


43-3 


SO-3 


1887 


45S 


45-4 


43-6 


Jg 


52.1 


61.5 


61.7 


60-I 


ss-s 


49-5 




43-2 


So-7 




4S-0 


40.6 


416 


52.2 


57.0 


sr' 


587 


55-4 


522 


49-5 


47-0 


50-2 


!b89 


4S'6 


44-S 


45-3 


467 


5^1 


57- ■ 


5h 


57-7 


S7-6 


49-7 


49-2 


47-3 


SO-9 


.890 


46-3 


43-4 


45-4 


48'3 


52-3 


5§'5 


56.; 


S7-3 


58-0 


S4-4 


47-4 


41-4 


50-S 


1891 


427 


47-0 


43-0 


47-5 


49-5 


58^) 


57» 


i!l 


56.4 


49.9 


45-6 


46^ 


501 


Means 
■869-9. 


4S-2 


45-3 


45-4 


485 


S2-I 


56-6 


SS7 


59-2 


56-6 


5'7 


47-8 


44.9 


SI<3 


Means 
1871-75 


46-0 


45-3 


46.7 


49.8 


S30 


S6-6 


5S.9 


59'S 


56.7 


5,.6 


47-4 


45-7 


S'-S 


1876-80 


4S-0 


46-3 


46-. 


48-4 


SI 9 


$6-2 


58-S 


59-9 


56* 


Si-8 


47'2 


44-9 


511 


1881-85 


450 


4S-6 


45-S 


47-9 


52-1 


SS-5 


57-9 


58'4 


55-8 


5'-3 


486 


4S-' 


50-7 


1886-90 


44-9 


43-S 


43-9 


47-1 


51-9 


57-6 


ss-s 


5S.5 


56.7 


517 


47-9 


44-4 


50-5 



are cullum— climatology of Valencia island 

A rise of 2°'7 occurs between March and April, and the curve con- 
tinues to ascend briskly for the next two months. The rise then slackens, 
and the actual maximum of the monthly mean tempeiaturee, 59°'2, 
appears in August. The descent is more uniform, and more rapid than 
the ascent bad been, as in the space of four months the lowest point is 
again reached — in December — with a mean temperature of 45°'0. 

It is somewhat remarkable that there are no clearly marked periods^^s 
of either spring or autumn. Throughout the four months of winter theggE=g 
total change of mean monthly temperature does not exceed 0"% while^^K 
no approach to such uniformity is noticeable at any other season. -__■■ 

The maximum in August coincides with the known maximum in sea —- 

surface temperature at the same month, but there is no corresponding^^^ 

coincidence of a minimum of air temperature in February, when the sea -- 

surface is at its coldest. 



\ 



TABLE VI.— Mean HonELT Valcm p 


OR Air Trmfbratfrb in s&ch Hoktb 




DURIKQ THE Twenty Ybakb 1871 TO 1890. 




Hour. 


^ 


I^ 


M^. 


April. 


M=y- 


Junt- 


July. 


Aug. 


Sepu 


0«. 


N.V, 


Dec. 


M^ 


' 


^ 


44-71 


44.46 


44-09 


46-35 


49-67 


53-91 


56-36 


S7°i6 


54-83 


50-55 


47°i9 


44-58 


49.49 




4479 


44-49 


43-99 


46.16 


49.44 


53-69 


56-17 


56-97 


54-69 


50-47 


47-22 


44-64 


49-39 




& 


4470 


44.40 


43-81 


45-92 


49-17 


53-42 


55-95 


56-70 


5454 


50-3' 




44-51 


49-21 




3 


44-72 


44-38 


43-68 




48-94 


53-24 


55-83 


5663 


54-49 


50-21 


47-05 




49-12 




4 


44'6S 


44-25 


43-4^ 


45-5° 


4866 


53-05 


55.66 


56-49 


54-32 


50-13 


46-87 


44-3? 


48.96 




5 


4473 


44.12 


45-36 


48*. 


53-14 


55-66 


56-46 


54-26 


50-13 


46-88 


44-40 


48-94 




6 


44*3 


44-02 


43-36 


45-26 


48.98 


53-77 


56-03 


5640 


54-12 


50.07 


46.82 


44-22 


48.97 




7 


44,65 


44-07 


43-43 




50-21 


54-89 


57.01 


57-23 


54.40 


50-12 


46-85 


44-2+ 


49-42 


3 


8 


44.60 


4402 


4J-S6 




5 '-33 


55-92 


57-91 


58-24 


55-24 


50-38 


46-79 


44-22 


49-95 




9 


44.7a 


44-5' 


44-99 


48-18 


52-65 


57-06 


59-04 


59-42 


56-49 


51-41 


47-3* 


44-34 


50-84 






4S'<* 


45-19 


4S-99 


49-20 


S3-S4 


57-86 


5978 


60.28 


57-45 


52-32 


47-94 


44-73 


51-61 






4573 


46-04 


47-07 


50-24 


54-49 


5S-73 


60-60 


61.21 


58-48 


53-25 


49-28 


45-53 


52-52 




Noon 


46.15 


46-61 


4773 


50-89 


55-01 


59.28 


6.. 05 


61-73 


59.00 


53-74 


4607 


53-05 




'3 


46-59 


47.10 


48-30 


51-62 


55-59 


59-85 


6:.s8 


62-34 


59-5' 


54-13 


49.67 


46.55 


53-57 


^ 


•4 


46-63 


47-17 


48-41 


5175 


55-81 


59-94 


61.64 


62.53 


59-54 


54.20 


49-69 


46^6 


53-66 


IS 


4660 


47-22 


48.49 


51-90 


56-00 


60.. 2 


61.S0 


52«2 


59-59 


4-09 


4956 


46.46 


53-7t 


i6 


46.21 


46.86 


48-22 


51-63 


5575 


59.80 


61.55 


62.26 


59-18 


3-63 


A9-0° 


45-9S 


53-34 


-^ 


I? 


4S'66 


46-37 


47-79 


51-29 


55-46 


59-46 


61. il 


6l.g2 


58-68 


2-87 


48.28 


45-4' 


52.86 


-^6 


iS 


45" 


45-58 


46.96 


SO46 


5479 


58-77 


60-59 


61.04 


57-65 


51-94 


47-89 


45-06 


S2.|6 


.^* 


19 


45-09 


45-'S 


45-96 


49-32 


53-86 


58..O 


59.83 


60.08 


56.46 


51-47 


4773 


44-97 


51-50 






44-93 


44-86 


45-36 


4S.06 


52-38 


56-95 


58.73 


5S73 


55-So 


5i-'4 


47-5' 


44-86 


50-78 


^S& 




44-89 


44-77 


45-05 


47-52 


51-" 


55-43 


57-54 


57-94 


5546 


51.01 


47-44 


44-85 


S0.26 


.^*6 




44-79 


44-64 


44-69 


47-09 


5063 


54-74 


56-95 


57-55 


55-18 


50-70 


47-28 


44-67 


49-9' 


» ' 


33 


44-8o 


44.56 


44-45 


46-78 


50.26 


54-34 


56.66 


57-36 


S5-02 


50-57 


47-20 


44-73 


49-73 


^ 


Midnt 


44.67 


44.4D 


44-' 3 


46.44 


49-83 


54-02 


56-38 


57-14 


54-77 


50-41 


47-06 


44-59 


49-49 


0< 


Means 


45-io 


45-'? 


45-47 


48.23 


52-09 


l^s 


58-46 


59-05 


56^ 


51-57 


47-78 


45-0. 


50-90 



If we examine the annual means we find that the highest figure is^^^^ 
51''-8, occurring in 1871 and 1874, while the lowest is 43°-2 in 1879, .«- * 
giving a range in the mean temperature of the 20 consecutive years of^^ 
only S'-e. 

Let us now examine the values for the individual months. The mean.^^ 
value of 60° has been attained or exceeded in the 23 years once in June, 
five times in July, and eight times in August The mean has fallen^ 
below 40° only twice, viz. in January 1881, and in December 1878, 
These few words are sufficient to show the uniformity of the mean 
temperature of the station. 
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Diurnal Ranc/e of Temperalure. 

In addition to vhat haa already been said on this subject, under the 
head of Pressure, reference may be made to a careful discussion of the 
results of the harmonic analysis of the temperature observations which 
appeared in the Philosophical Transactions for 1893, pp. 617-646, from the 
pen of Lieut.-Gen. B, Strachey, F.R.S., Chairman of the Meteorological 
Council. 

Table VI. is precisely similar in arrangement to Table II., and it gives 
for the four lustra, and for the 20 years 1871-90, the mean hourly values 
of temperature in the several months. 



V«rs, 


J=.. 


Feb. 


M«. 


April. 


Hay. 


Ju... 


J"iy- 


Aug. 


S.p,. 


Oc. 


S.,. 


Dtc. 


Mem. 


.S69 


5^5 


5 '-3 


49-1 


56-1 


568 


62.5 


66.3 


663 


6I.3 


57-9 


S3°-3 


47-6 


566 


1870 


47'3 


45-3 


50-4 


54-7 


56-6 


62-6 


66-3 


67'9 


04'4 


58.2 


49-9 




55-7 


187 1 


46* 




Si-3 


55-0 


61-4 


63- 


628 


65-6 


61.4 


57-2 


501 


48-8 


56.2 


187a 


48-7 


5'>4 


5'-3 


53-2 


55-7 


59-2 


6+5 


64'3 


607 


53-4 


50-3 


49.4 


SS-i 


'873 


4S-S 


45.1 


49-1 


550 


57-9 


62-0 


63-2 


63- 


59-7 


54-6 


50-4 


5 '-3 


55-' 


1874 


49* 


49-6 


5'-3 


54'S 


59-4 


64.0 


64-8 


64-1 


59-9 


55-7 


52-3 


47-5 


56- 


1875 


Sl-6 


47-0 


49.4 


56-0 


58'2 


60.4 


63-6 


65.? 


64.6 


56- 1 


50-2 


48-2 


SS-9 


1876 


49-0 


49-9 


48'5 


53-2 


59-0 


&>7 


657 


6^.2 


S9-S 


57-4 


53-4 


50-2 


5&0 


1877 


50-4 


50.4 


496 


53-3 


57-2 


62.9 


61.7 


6,Vl 


60-8 


57-7 


S''9 


503 


55-8 


1878 


49-7 


511 


51-4 


SS-2 


SS-o 


62-1 


67-6 


65-9 


62.3 


569 


48'3 


43-8 


560 


1879 


45-1 


47-4 


49-8 


5 '-4 


54-8 


59-9 


602 


62.0 


SS.2 


55-4 


49-5 


48-3 


535 


t88o 


46.9 


49-7 


53-2 


53-6 


58.9 


61-9 


64-2 


69.8 


63-6 


52-9 


Sl-2 


49-S 


56-3 


1881 


42.7 


47-3 


504 


54-3 


60-4 


60-1 


62.5 


6l-6 


61.1 


55-7 


55-3 


49-2 


55-1 


1881 


50-7 


50-9 


S2.0 


S4'3 


59-a 


60.5 


61.4 


63-7 


5S.6 


55-7 


So-7 


47-1 


55-4 


1883 


49-6 


49-2 


47'3 


53-6 


56-1 


616 


60-4 


62'S 


6^5 


56.. 


52- ■ 


49'5 


54-9 


1884 


507 


494 


50-3 


53-0 


58.4 


6..3 


63-7 


63s 


6t.S 


S&o 


50-0 


49-0 


55-6 


1S8S 


47-4 


48-7 


49-1 


Si-3 


S3'9 


6|.| 


65.4 


65.6 


59-9 


S2-5 


51.6 


480 


54-6 


18S6 


4S'S 


46.9 


47-3 


53-6 


SS7 


62-3 


637 


63'2 


6m 


567 


si-s 


46-6 


54-5 


.887 


48.6 


48.S 


48-8 


52-2 


57-4 


69-4 


667 


65.6 


61 ■□ 


53-7 


487 


466 


SS-6 


iSSS 


480 


44-2 


46-5 


50-4 


S7-9 


62-7 


62-1 


63-9 


6l-2 


56-3 


52-4 


504 


54-7 


1889 


48-5 


48-0 


49-6 


Si-S 


56-6 


62-8 


64.4 


a>.4 


617 


54-2 


521 


50-2 


S6i 


IS 


SO-2 


47'4 


49-6 


52.9 


57-6 


59-9 




62-2 


6i'8 


57-7 


Si'3 


44.8 


54-7 




46-5 


S»6 


47-9 


52-8 


55' 


64-3 


62.? 


6i-o 


tK>5 


53-7 


49-3 


501 


54-5 


Mesm 
1869-75 


4S.4 


48.7 


49'7 


53-6 


57-5 


62.5 


63-7 


64-2 


6i-i 


55-7 


5'' 


48-3 


55-3 


Meuis 




























IS7I-7S 


49-0 


487 


50-7 


S4'E 


S8-S 


617 


63-8 


64.6 


to^ 


55-4 


So-7 


49.0 


55-7 


1876-80 


48-2 


49-7 


So-5 


53-3 


57-6 


61-5 


63-9 


65.2 




S6.. 


50-9 


48-4 


ss-s 


1881-8S 


48-2 




49-8 


53-5 


57-6 




62-7 


63-4 


604 


55-2 


51-9 


48.6 


55-1 


1886-90 


4*2 


47-1 


4S.4 


S^'i 


57'0 


63^4 


63.6 


63-3 


61.4 


55- 7 


5'-2 


47-7 


54-9 



In Tables VII. and Till. (p. 278) the monthly maximum and minimum 
temperatures are given for the series of 23 years. These two curves follow 
much the same course as that for the mean monthly temperature, and in 
each case the descending branch is steeper than the ascending. We find 
almost the same unchangeableness of extreme temperatures in the winter 
as existed in the mean temperatures. As regards the extreme 1 
it is remarkable that they are lowest in March and December. 
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In Tables IX. and X. the monthly extremes of temperature are 
given. It will be seen from Table IX. that the highest temperature 
ever recorded was 82''-3 on August 7, 1869, and that on only three 
occasions during the 23 years was the temperature of 80° attained, 
viz. on August 7, 1869, on July 32, 1878, and on June 19, 1887. 
Temperatures between 75° and 80° have been recorded ten times. The 
monthly maximum has never fallen below 50°, but the maxima in the 
three winter months are rarely so high as 55° ; for this temperature has 
only been recorded twice in January, once in February, and four times 
in December; while the maximum was below 55° seven times in March, 
once in April, and three times in November. 
TABLE VIII.— Mean Monthly and Annual Minimum Temfeeatdbb durixo 

TRB TwaNTY-THBEB YEARS 1369 TO 18S1, WITH TBB MRAKS FOR SACS 

LUSTKim, AND FOB THE WhOLE PeRIOD. 



y™. 


J=.. 


F.b. 


M^. 


April. 


r.uy. 


Ju„=- 


July. 


Aug. 


S^L 


o«. 


Nov. 


Dee. 


MODB 


j869 


44' 1 


45-2 


39-9 


47°-7 


~ 


sr.s 


5^6 


54- 1 


52-5 


5,^6 


4^3 


39-7 


4io 


J870 


40-4 


37'9 


40-9 


45- 1 


48-5 


54-0 


56-3 


55-2 


53-6 


48-2 


42-8 


36-9 


46-7 


1871 


39-4 


44-2 


42.8 


47-2 


49-0 


5^-6 


54-2 


56-1 


50- r 


49-1 


43-3 


40-5 


47-4 


i87a 


41-S 


435 


43-9 


44-1 


45-9 


5>-6 


55-9 


55- 1 


53-6 


45-2 


42-6 


4: -9 


47-1 


JS73 




38.2 


40-3 


45-3 


48-4 


S3-0 


55-0 


55-3 


5.-6 


46-3 


42-4 


45-8 


47-0 


1874 


42-3 


43-0 


44-2 


45'0 


47-8 


SJ-i 


S5-8 


S4-8 


5 '-3 


4S-2 


45-9 


39-1 


47-5 


.S7S 


45-9 


39-6 


41-7 


45-5 


48-S 


51-2 


S3-7 


5&0 


54-6 


47'6 


12-2 


40-7 


47-3 


.876 


41-7 


42-5 


38-4 




4S-5 


50-7 


53-9 


55-6 


52-5 


50-5 


46-0 


43-a 


47-1 


1877 


4'S 


43-5 




44' 5 


4S-3 


S*-3 


53-8 


S4-3 


50-1 


49-3 




43-1 


4&9 


.878 


43-4 


44'8 


43-2 


45-S 


48.8 


5*1 


57-0 


56-5 


53-4 


49.0 


39'0 


34-8 


47-3 


;ai 


37-4 


39-9 


407 


42-4 


45-1 


50.4 


Si-7 


52-6 


50-8 


46.6 


427 


40- 1 


45-0 


410 


41-9 


44.4 


43-2 


47-5 


5'-7 


S4'" 


57'3 


55-7 


4.-5 


43-0 


43-1 


470 


1S81 


34-7 


39-5 


4.-8 


42.8 


48D 


50-6 


53-8 


52.6 


50-6 


4S.2 


47-9 


40-5 


45-9 


1832 


44-a 


441 


43-8 


44'3 


47'3 


50-6 


53'0 


53'6 


49- ■ 


46.7 


42-5 


39-5 


46-6 


1883 


431 


40-2 


37'2 


41-6 


45-4 


510 


52'8 


S4'2 


5i'9 


47'5 


44.2 


4a-3 


45-9 


1884 


44'3 


42-1 


4Z-0 


42-8 


47-6 


49-6 


54'5 


54-9 


53-2 


47-S 


4M 


tl 


46.7 


.885 


40-9 


41-2 


39-1 


41-8 


44-9 


49-9 


54-4 


53-5 


51 ■□ 


44-6 


45-6 


45-6 


1S86 


37^6 


40-0 


39-4 


42-9 


45-S 


52-1 


54-2 


55-1 


52-8 


47-7 


44-5 


]8.6 


45-9 




4' '4 


41-0 


3*3 


39-8 


46-4 


54-0 


56.5 


5S'4 


507 


44.9 


39-8 


m 


45-6 




41 '4 


37-' 


36-6 


42.0 


46-7 


52.2 


53-0 


53-S 


49-9 


47-9 


46-0 


45-8 


1889 


41.4 


40-0 


41-4 


41-6 


48-1 


51-7 


S*-8 


54-3 


54-2 


45-1 


46-2 


43'2 


46-7 


.890 


41-4 


39-1 


40-4 


43-8 


47-5 


S"-9 


S2'8 


5^-4 


54-4 


So-5 


43-' 


37-S 


46-2 


1891 


38-3 


43-4 


37-9 


42-2 


44-3 


52'3 


53-3 


53-4 


52-3 


45-4 


41-2 


42-6 


45-6 


Means 




























1869^1 


41-2 


41-4 


408 


43-7 


46-9 


517 


54-3 


5*6 


522 


47-3 


43-6 


40-7 


46-5 


Means 




























1871-75 


42-2 


417 


42-e 


45'4 


47'9 


52'' 


54'9 


555 


522 


47'3 


43'3 


41-6 


47-2 


1876-80 


41 .0 


42-5 


41'6 


44.0 


46-4 


S''4 


54 1 


SS-3 


52-5 


47'4 


43' 


409 


467 


1S81-85 


41-2 


414 


40-S 






503 


53-7 


53-6 


51-2 


46-9 


44-3 


409 


46.2 


.886-^ 


40(> 59-1 




4^-L. 


V'->.' 


5^-4 




54'^ 


5^4 







The extreme minima in the several months are shown in Table X. 
It will be seen that the temperature never fell below 40° in April 1871, 
and that in twelve years it never fell to that point in May. Throughout 
the three succeeding months no temperature lower than 41° was ever 
recorded, and, with the exceptions of 1871 and 1885, the same may be 
said of September. In five years the minimum in October was above 
40°; six times for July, and six times for August has the thermometer 
never fallen to 50°, while from November to April, with one exception 
already mentioned, the minimum never rose to 40°. 
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TABLE IX. 


—Extreme 


Mah 


HUM 


rmpsEAniBM r 


R EACH MON-ra 


jjdTear 






DHEINO 


THE TwEKTY.THBEK Ybaes 1869 TO 1891. . 


Y=^ 


J^.-. 


F,L 


M„. 


ApHL 


M.y. 


J^:«. 


;l,i,.. 


Aug. 


S,.p,. 


OCL. 


N=v. 


Dec. 


V«r. 


i8fi9 


537 


S4-6 


S3'4 


696 


63'4 


»; 


77-9 


S2.3 


6g-4 


i 


57-4 


5S-0 


8I.3 


.870 


53-1 


S^-3 


5r« 


61.5 


65-6 


73-S 


79-6 


77-6 




56.5 


527 


79* 


.871 


Si-3 


Si-9 


64- 


58-7 


72-9 


69-4 


66-7 


71-2 


705 




SS-l 


54-5 


73-9 


.87a 


S3* 


53-3 


\u 


59-9 


64-8 


66-1 


697 


^S'S 


680 


S8-? 


S9-0 


S4-0 


m 


1873 


Sa-7 


s°-s 


65-8 


680 


68-5 


7r8 


6S.a 


634 


62.5 

59-8 


550 


54-6 


1874 


S4-0 


S3-' 


59-0 


66* 


66-S 


71-9 


73-3 


So-i 


643 


56^ 


53-0 


80.1 


1875 


S4-7 


S3'3 


56-^ 


66-1 


69-3 


74-3 


7S-6 


71-5 


72-3 


61.4 


ss-s 


54-5 


74-3 


1876 


SSO 


53-9 


S4-0 


S9-S 


66-1 


74-6 


79-S 


78-5 


64.2 


6z.6 


S9-3 


54-8 


79-S 


1877 


S3-4 


541 


SS-7 


597 


62-0 


74-4 


673 


715 


67.0 


64.4 


56 1 


54- ' 


74-4 


1878 


is-i 


55* 


55-9 


63-4 


63-8 


b9<^ 


80.1 


74-3 


69« 


454-6 


53-8 


53-5 


S0.1 


1879 


Sa-4 


5.-8 


5S-7 


56-t 


59-1 


66-1 


64-9 


67-4 


61.2 


6j6 


S6-6 


SS-3 


67.4 


18S0 


54-6 


SS-o 


591 


59-8 


71-9 


72.8 


71-3 


77-2 


72.2 


65^ 


5&-4 


54 -4 


77-2 


iSSi 


5(.o 


54-3 


54-9 


6. -3 


73-0 


717 


67-9 


65-5 


64-6 


62.9 


*.5 


54.1 


73-0 


i88i 


54-4 


S3-3 


56-6 


6s-o 


66-5 


720 


64-1 


73-6 


61.6 


61-4 


56* 


54-5 


73* 


1SS3 


S4-1 


52-9 


S6-9 


60-3 


63^ 


71-6 


647 


68.1 


65* 


6.-4 


SG-S 


S4-0 


71-6 


1884 


54-6 


540 


55-8 


57-6 


P7 


69-S 


69-6 


680 


70-9 


61.4 


SSB 


SS-6 


73-0 


1885 


S3-3 


S4-3 


S3* 


S7-6 


69-4 


77-0 


75-9 


64-9 


57-1 


S6.5 


53-8 


77-0 


1SS6 


51-6 


52-6 


55-1 


67-0 


64-4 


73-3 


73-3 


68<. 


66-: 


64-9 


56.5 


53-4 


73-3 


1887 


53* 


52-9 


57-1 


59-6 


67.7 


80-6 


71.4 


70-7 


65-5 


59-5 


53-2 


53-6 


80* 


18S8 


S3'4 


S°-3 


5I-0 


54-2 


69fl 


73-2 


67« 


70.4 


65-0 


6l-4 


57-2 


557 


73-J 


1889 


5*-8 


53-2 


S4-0 


53-6 


6J-0 


700 


72-6 


65.6 


70« 


59-1 


56.2 


537 


72-6 


■890 


54-3 


5'-9 


SS'5 


57-9 


70-7 


670 


63-6 


73-5 


68<i 


62.3 


57-e 


53-f 


73-S 


189. 


Si-9 


_S67 


S2-5 


58-3 


65-7 


78.2 


72-0 


64-2 


7'7 


59-1 


53-9 


54-0 


78-2 


Ennme 


55' 


S6.7 


64-2 


69-6 


73-0 


80-6 


801 


82-3 


7*-3 


73-4 


61.5 


SS-6 


8a.3 































TABLE X— EmuifE Hinihuh TBHraiuTtTBEa fob bach 


Month amd Year 








[TRINO THE TWESTY-THREB YEAB* 1889 TO 1891. 


v-» 


Jsn. 


F<b. 


Hot. 


April. 


M^y. 


J,.n=. 


July. 


Aug. 


Scpl. 


Oc.. 


Nov. 


D«. 


Var. 


IS69 


37-0 


39-1 


34-4 


37-4 


40-1 


45-8 


50- r 


4^-1 


4S-6 


42-4 


^h 


27-7 


377 


1870 


31-3 




34-4 


37-8 


40-7 


49.0 


5'-2 


46.2 


4S-2 


39-0 


33-8 


27-2 


27-2 


I87I 


31-4 


34-3 


40-0 


42-3 


46-3 


503 


510 


39-0 


38.7 


33-8 


30-4 


30-4 


ISJ! 


34-7 


31-4 


34-1 


40-0 


45-° 


48-6 


47-8 


44-0 


38-0 


322 


33-4 


3 '4 


IS73 


31-4 


25-2 


34-3 


36-4 


40-9 


45-9 


48-S 


Si-o 


42.D 


3S-S 


35-0 


34-4 


25-2 


i87« 


35-0 


37-5 


I9-0 


35-3 


38-5 


47-0 


47-8 


50-0 


44-8 


412 


37-0 


32-0 


29-0 


isji 


32-7 


3*-7 


33-6 


37-' 


41-0 


45-9 


49-1 


48-4 


48-0 


408 


33-7 


30-1 


30-1 


.876 


3'-o 


J2'4 


30-9 


33-3 


3S-a 


44-8 


46-1 


48-0 


47-0 


38-3 


1^^ 


34-4 


30-9 


1877 


33-4 


33-4 


34-0 


37-6 


37-0 


47-3 
45-S 


48-4 


45-5 


42-5 


39-3 


37-8 


33-4 


1878 


321 


33-4 


35-8 


3S-6 


43-9 


5-8 


527 


47-5 


35-2 


33-1 


27-4 


'li 


1S79 


28-6 


312 


3'-9 


32-1 


37-9 


41-9 


48-3 


47-9 


45-S 


37-4 


352 


29-4 


28-6 


1880 


3I-0 


35-9 


37-0 


38-0 


40-6 


42-S 


47-9 


50-1 


49-5 


32-9 


19-7 


33-4 


29-7 


1881 


a4* 


3»6 


31-0 


319 


40-2 


437 


50-1 


45-9 




35-0 


39-7 


306 


24-6 


1882 


33-8 


36-6 


35-2 


37-5 


38-4 


42-6 


46-9 


47-7 


^1 


39-8 


'M 


29-1 


29-1 


1883 


34-2 


33-9 


29-5 


35.6 


37-2 


4S-3 


45-9 


^Tl 


44.6 


41-3 


3'-3 


295 


1884 


33-0 


33-6 


31 -o 


3S-6 


39-7 


44-0 


48-0 


48-8 


49-0 


40-4 


3'* 


339 


31-0 


111 


3-8 


33-0 


32-7 


35-7 


3fr7 


445 


44.8 


48-7 


40-1 


38-3 


34-2 


^"^k 


£1 


a8.2 


31-9 


29-0 


35-7 


38-6 


49-4 


486 


48-2 


43-6 


36-5 


36-6 


26-8 


ISS7 


35-" 


300 


304 


34-0 


37-7 


47-8 


Sofi 


46.7 




32-9 


30.6 


30-3 


30-0 


t88S 


30-0 


26-8 


30-0 


34-4 


40-2 


464 


^A 


46-0 


43-7 


3S.8 


37-4 


32-1 


25-8 


1889 


30-4 


33-4 


ii-S 


35-2 




44.6 


4&S 


49-5 


jri 


38-0 


33-9 


34-4 


30-4 


1890 


30-7 


3'7 


30-2 


36- S 


40-7 


47-9 


46-S 


42-9 


39-5 


2S-7 


29-4 


28.7 


1891 


300 


33-6 


28-7 


35-5 


38-6 


423 


47-4 


46-8 


44-7 


3S-0 


33-1 


32-6 


28-7 


farlh* 


24-6 


25-2 


28.7 


3 '-9 


36-7 


41-9 


44-8 


42-9 


390 


329 


28.7 


3&8 


24-6 
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The number of times the minimum was below the freezing-point was ^a 
comparatively small. This occurred in the month of January in 13 ^ 

years, in February in 8, in March in 12, in April in 1, in November in 4, ^ 

and in December in 14 years. 

The fact is interesting that in only one year was a temperature below -^ 
32° recorded in April, and then only for a few minutes. This occurred at ^ 

6h. 5m. a.m. on April 3, 1881, during a strong East wind, which amounted J 

to a gale in some places. At 8 a.m. the same morning no temperature c 

as high as 40° was reported to the Meteorological Office from any British m 
station excepting Jersey. The extreme rarity of the occurrence of a freez- — 
ing temperature in April goes far to prove the immunity of Valencia from ^ 
spring frosts, so deleterious to vegetation; but in the absence of any -% 
grass minimum temperatures, it is impossible to assert that these do not ,dl 
occur, for the thermometer " on grass " frequently falls several degrees jst 
below that at the height of 12 feet, which was the elevation of the 
thermograph instrument. 

The absolute minimum ever recorded was 2 4° '6 on January 21, 1881, 
the next to it being 25°-2 on February 3, 1873. 

Before quitting the subject of temperature, it should be noted that 
the variability of the diurnal temperature has been discussed by Mr. 
R. H. Scott, F.R.S., in the Proceedings of the Royal Society^ vol. xlvii. pp. 
303-363. The period to which this paper refers is not conterminous 
with that to which the tables embodied in the present paper refer, inas- 
much as Mr. Scott took in only 15 years, 1869-83. The paper refers to 
the seven observatories originally started by the Meteorological Office, and 
the method followed in it was " to extract the differences between the 
successive daily means, irrespective of sign, and then to take the average 
of the figures so obtained for each month." 

The following are the values of the mean variability for each month : 

« 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Tear. 
2°-6 2'*-l 2°-l I'^-S l°-5 l'*-4 l**-3 r-4 r-6 2'*-l 2°-3 2''-7 r-9 

These figures show in the most convincing way the extreme equa — - 
bility of the climate of Valencia. 

The actual figures were also examined with the view of asce; 
if in cases of considerable change, Le, of over 5° between two successiv 
means, the motion was in the direction of rising or of falling. Th 
result was that as regards changes of 5°, the rises and falls were exactl 
balanced, 167 cases of each being noticed, but the mean amount of 
was 6°'7, while the mean amount of fall was 6°*2. There were during' 
the 15 years only three instances of rise exceeding 10°, and one of ris^ 
exceeding 15**. There was only one instance of fall exceeding 10**. 

Mr. Scott's paper concludes with a table showing the number of 
occasions in each month, and in each year, of which the temperature 
reached definite limits. 

No instance occurred of a mean daily temperature falling below 20**, 
and only five instances in January, one in February, and three in 
December of temperatures below 32°. Even in January there were 23 
days with a temperature between 40° and 50°. At the other end 
of the scale there was only a single instance of a mean temperature 
exceeding 70°, in August 1869. With very rare exceptions, in June, 
July, and August, the temperature ranged between 50** and 70°. 
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The only one of the six remaining observatones which rivals Valencia 
aa r^ardfl «quabUity of temperature is Falmouth, but the frosty daya 
tliere are decidedly more frequent Both stations evince most clearly 
the infiuence of the Atlantic Ocean on their climatea. 



The vapour tension results are given in Table XI. The figures (Fig. 3, 
p. 371) show an annual march bearing a great general resemblance to that 
for temperature, but the minimum is decidedly in March ; the second 
tninimmn m December being very slight. The maximum is in August. 
Only twice has the monthly mean fallen below 0*2 in., viz. in December 
1870, 0199 in., and in January 1881, 0198 in. The highest vapour 
tension was that for August 1880, which reached 0*480 in. 

TABLE XI. — HKA.S Mohtblt and Annual Vapoub Tehsioh sukiko tbe Ysabs 
1869 TO 1891, wiTR TBK Meavb fox back Lvstbvm, and fob the whole 
Pbeiod. 



v„ 


J^. 


Feb. 


M^. 


April. 


iUy. 


JUM^ 


July- 


Aug. 


S<p<. 


Oc, 


M.V. 


Dec. 


M«. 


1869 
iS70 
1871 
1872 
1873 
,874 

1881 
1882 

IS 

■!!! 

■888 
1889 

in; 


■m 

■sag 
■13* 
■149 
■249 
■263 

-260 
■277 

i 

-181 

zi 

■ai9 

■271 
-261 
■230 


■177 
■107 

-z 
3 

•261 

:^ 
:SS 

■344 
■281 
■254 

■257 
■250 
■245 
■251 

-249 
■232 
■271 


1 

■135 
■iJS 
■MS 
■225 
■249 

■285 
■251 
■276 
■209 
■255 
■232 
■^33 
■218 
■254 
.248 

■213 


in. 
■305 
■281 
■300 
■270 

3; 

i° 

-285 
■299 

■*S7 
■277 

■257 

1 
■'i\ 

■259 
■274 
■252 


in. 
■291 
■321 
■318 
■284 
-310 
■31 ' 
■3'5 
.284 
■296 
■3*3 
-282 
-299 
■320 
■3" 
■290 
■317 

■312 

■3' 3 
■339 
■3*0 

■279 


■361 

■39S 

-'i' 

■380 
■36S 
■36s 

:S 

■370 
■359 

:g 
■367 

■413 

s 

■38s 


in. 

■46S 
■402 
.436 
■409 

i 

■414 
•404 
■390 
■410 
.425 
■407 

1 


■420 
■438 

::^ 

■400 

■436 

■417 
-409 

■447 

■fi 

■399 

■415 
■4*4 
■405 
■403 
■43* 
■416 
.409 
■387 
■385 
■394 


■374 
■400 
■343 
■389 
■348 
■358 
■422 
■371 
■349 

Td 
SI 

■340 

ill 

•357 
■379 

■38s 
■4^7 
■388 


■344 
■335 

:aj 

■314 

■3'* 

■337 
■3S0 
■34* 
■338 
■3*5 
■261 
■3'6 
■3'5 
■334 
■33' 
■274 
■3*7 

tl 

-281 


■299 
.257 

Hi 
.167 
■303 

IS 

■279 
■231 
■*53 
■*75 
■322 
■263 
■281 
■264 

■.m 

■*5' 
■302 
■301 
■*75 
■250 


•230 
■199 

:T, 

.296 

■*33 
.245 
■271 
■274 
■209 
■*43 
■272 

•it 

.247 

1 

■*73 
■222 

■274 


in. 
■319 
■313 

■314 

1^ 

■315 
■330 
-31S 

■3'7 

•296 

■3*0 
■309 
■314 
■309 

■3'4 

■30' 
■306 

■3«o 
-312 
-315 
■301 


Means 
1869-91 


-*53 


■3S« 


245 


■270 


■305 


■372 


-410 


■4(5 


■37» 


■3.8 


■276 


■249 


■3" 


1S86-90 


■a6i 
■*53 

■as* 
■253 


■254 

■266 
■257 
•238 


■256 

■255 
■245 
■-•35 


■160 

.258 


■308 

■297 
.302 
.3.6 


■369 

■37° 

11? 


-409 
■409 
-409 
■401 


.420 
■4*9 
-409 
■406 


■31 


■3'7 
■3*3 
■3'4 
■3:6 


■270 
■269 
■285 
■*83 


■*S4 
■254 
■249 
■249 


■314 
■3' 5 
■309 
■3"o 



Belative Humidity. 

The relative humidity figures in Table XII. are decidedly high, not 
one of the annual means falling below 84, while the results for 1888 and 
1890 were both 86. 
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The minunum of the monthly means (Fig. 3, p. 271) is in May, and 
is 78, and the maximum in winter, with 85 for January and February. 
The lowest figure is 74 for April 1876 and 1880, and the maximum 93 
for January 1889, 

TABLE XII.— Mbah Montbly and AHHtrAL Ekutivk HukiiniTT dubiho thb 

TWBNTT-TKREE YEASS 1869 TO 1881, WITH THB MbANS FOB BACH LuBTBin, 
AND 70B TKB WHOLE PBSIOD. 



V=>r>. 


Jan. 


F.b. 


M«. 


April 


M»y. 


;««. 


July. 


Aug. 


Stpu 


Oct. 


Npv. 


D«. 


H/: 


1869 


k 


T 


IT 
77 


T 


% 


% 

79 


I 


to 


°£ 


T 


J 


T 


iF 


1870 


s; 


79 


83 


81 


82 


84 


89 


78 


83 


S3 


8z 


78 


B.f 


1871 


83 


87 


79 


81 


74 


79 


82 


84 


77 


81 


80 


79 


81 r 


1872 


82 


82 


S3 


79 


77 


83 


86 


82 


S3 


81 


83 


84 


Si 


1S73 


S3 


80 


79 


77 


78 


82 


84 


83 


80 


86 


83 


85 


Si 


1874 


»S 




84 


79 


76 


76 


So 


79 


Si 


79 




Sz 


81 


IS7S 








74 


77 


83 


79 


82 


S3 


86 


82 


S3 


Si 


1876 




84 


78 


84 


74 


80 


79 


80 


83 


84 


86 


85 


Sz 


1S77 


83 


86 


83 


^ 


79 


83 


83 


84 


Si 


82 


82 


85 


83 


1878 


87 




83 


S3 


79 


83 


83 


83 


82 


83 


So 


88 


S3 


1879 


85 


84 


&2 


Si 


79 


80 




84 


85 


86 


81 


83 


S4 


1880 


83 


ss 


S3 


78 


74 


84 


81 


84 


84 


81 


84 


86 


Si 


1881 


85 


85 


81 


76 


76 


82 


86 


86 


85 


82 


82 


82 




1S81 


85 


«S 




79 


77 


81 


86 


8S 


82 


S2 


Si 


86 


83 


1883 


83 


84 


78 


79 


78 


81 


86 


87 


87 


85 


S3 


S3 


S3 


1884 


84 


83 


82 


77 


79 


8z 


S3 




81 


86 


85 




si 


1885 


34 


83 


80 


81 


78 


So 


85 


80 


So 


78 


ss 


83 


Si 


1 886 


S3 




82 


78 


80 


82 


82 


88 




82 


84 


83 


S3 


1887 


86 


86 


82 


82 


81 


79 


84 


81 


83 


84 


90 


86 


84 


1S88 


89 


89 


87 


86 


Si 


82 


S3 


86 


S5 


84 


89 




86 


1889 


93 


88 




87 


87 


79 


79 


8S 


84 


83 


8? 


87 


85 


1S90 


86 


85 


84 


83 


83 


89 


90 


83 


88 


87 


87 




86 


1891 


89 


85 


77 


85 


82 


So 


85 


85 


88 


85 


86 


91 


84 


Means 




























1869-91 


85 


85 


82 


So 


79 


81 


84 


83 


83 


83 


84 


S4 


«J 


Mean* 




























1871-75 


84 


84 


81 


78 


76 


Si 


S2 




81 


83 


S3 


83 


81 


1876-So 


85 


ss 


82 


82 


77 


82 


82 


83 


83 


83 


83 


85 


83 


1881-85 


Si 


84 


81 


78 


78 


Si 


85 


84 


8 


8 


S3 


u 


81 


1886-9; 


87 


87 


84 


83 


82 


82 


84 


85 


84 


84 


87 


Ss 































The self-recording rain-gauge was not suppliedto Valencia at the first 
starting of the observatory, as it was not until the end of the year 1870 
that the instrument was perfected and declared ready for issue, so that 
the records from it do not commence till April 1871. For the earlier 
period, the figures are taken from the readings of an ordinary 8-inch 
gauge, placed close to the site of the automatic gauge. The figures lor 
amount are given in Table XIII. p. 283, and those for number of days 
of rain in Table XIV. p. 284. 

The curve for the 20 years is a very simple one, with a maximum of 
6'45 in. in January, and a minimum of 3'29 in. in May. There is a 
decided indication of a second minimum in September, but the figuns 
suffice to show that, without controversy, Valencia belongs to the region 
of winter rains. The average yearly amount for the four lustra is 68'26 
in., and the number of days of rain (limit 0-005 in.) is 248. The n 
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year of the period was 1877, with 6867 in. falling in 288 days, and the 
arieat year 1887, with 43-74 in. falling in 194 days. The wettest month 
[Suriiig the period was November 1877, with 1044 in., and February 
1883 came very near it with 1042 in. The driest month was May 
1876, with 0'70 in., and only 9 days of rain. There is only one other 
month in which less than an inch fell, viz. November 1879, with 066 
in. in 10 days. On five occaaioiw less than 10 days of rain were 
recorded, viz. May 1871 and June 1887, with 7 days each, August 1869, 
April 1875, and May 1876 (already mentioned), with 9 days each. In 
three instances, February 1869 and January and November 1877, rain 
vras recorded on every day in the month, while in January 1875 and 
in February 1880, only one day was exempt. 



TABLE XIII. — MoHTHLT akv Annual Rainfall sci 
ises TO 1391, AKD THE Mean Monthly Values ti 
WHOLE Pbbiod. 



v«». 


J„. 


Feb. 


iUr. 


April. 


May. 


June. 


Jul).. 


Aug, 


Stpt 


Oc 


Nov. 


Dec 


T«aL 


■as? 


it 


4-53 


3-55 


1^ 


in. 
2-79 


■'"tie 


3^89 


i"89 


8-05 


2-65 


4-19 


8"47 


mi 


1870 


5-67 


2-24 


S.83 


4-48 


0-59 


229 


Z.52 


4-'3 


S-20 


5-38 


3-6' 


1871 


s-34 


S-67 


4'93 


5'06 


17a 


S-00 


5.57 


274 


2.58 


7-20 


4-33 


5^45 


'iU 


1872 


8.;. 


7'14 


4'26 


i'6z 


2.09 


e-28 


if. 


4'50 


4-78 


8-14 


6.97 


8-29 


1873 


^Si 


3-^7 


4-4S 


2.36 


3>28 


2-81 


576 


563 


6-47 


4'39 


256 


59-49 


1874 


4.98 


6-33 


5.6Q 


4'i3 


■ 26 




4-42 


5-4' 


5-72 


7-23 


450 


7-4S 


59-56 


■i'l 


9-52 




a.i4 


37* 


4-47 


5-64 


1.96 


3-61 


9-9S 


7-si 


4'3S 


43' 


1876 


4.48 


5-75 


5-33 


4-0O 


0-70 


273 


a-70 




6-14 


S-6i 


9'3' 


958 


6I-4S 


18,7 


a-ge 


3-66 


47 1 


578 


3-46 


4-21 


2-87 


6-68 


3-48 


7-35 


IO-44 


707 


68.67 


187* 


5-52 


3' 39 


i'S6 


3-82 


6-37 


S'5* 


1.98 


6S' 


3'84 


6-61 


3'48 


4.28 


53-28 


1S79 


7'3S 


6-99 


2.76 


5-42 


2.94 


Tie 




5'4* 


478 




fi 


3'D9 


53-24 




+■^5 


684 


301 


4-96 




4.84 


3'98 


4-89 




2-50 


5-3^ 


5370 


iSSi 




6-25 


5.S8 


i-8i 


2-50 


7-20 


2-66 


SM 




4.46 


S-34 


9-43 


58-37 


1 881 


4-SS 


5'3 


3-37 


ta 


'■39 


4*3 


717 


4-92 




9-S^ 


772 


S.85 


64-50 


.883 


8.26 


[0-4Z 


2.62 


3-38 


I'Ss 


5^'7 


5.81 


4-86 


4-5^ 


6.84 


2-53 


60.SJ 


1S84 


6-24 


9-27 
6-58 


■0-35 


2.65 


309 


'■47 


7.11 


4-27 


JS 


4.42 


S-23 


5.§2 


1S8S 


7.01 


5-14 


5-11 




i-S' 


175 


3' 53 


5.16 


4-90 


a7S 




t8S£ 


5.46 




6-37 


3- 10 


5-37 


'■31 


S-96 




4^06 


^76 


4^82 


7.41 


62-84 


1887 


7-19 


2-S9 


2-26 


.-85 


1-63 


■■39 


300 


4-^ 


3-9' 


4-42 


5-46 


9-<^ 


43-74 


1888 


4-30 


1-83 


4-68 


292 


374 


ts 


4-29 




177 


2-85 


3-80 


47-87 


1889 


S-oS 


+49 


3-36 


3-74 


6.31 


2-19 


7-48 


3^43 


5^S6 


3-98 


7.08 


56-81 


.850 


7-o: 


3-48 


4-29 


519 


5-6i 


6-25 


3-9S 


2-85 


3-19 


4-00 


7-49 


4-65 


57-96 


189. 


4-3' 


0-70 


1.89 


3-8o 


4-1 1 


4-69 




6.27 


6-14 


I&S4 


476 


9-28 


59-51 


Means 




























l8l»Ml 


6-50 


S-I4 


41-7 


3-85 


336 


3-61 


4.11 


479 


478 


5-88 


5^55 


6-02 


57-74 


Means 
187.-75 


7-63 


4.90 


4-3° 


3-40 


2-56 


+3S 


5.25 


4-40 


57J 


m 


4-9' 


5-61 


60-36 


1876-80 


6-14 


5-33 


3-53 




3-. 8 


4.S9 


3' 15 


S^70 


4-59 


&03 


5.87 


58.07 


1881-85 


5-6i 


7-53 


S-41 




2.89 


3'25 


4'97 


4-73 


*74 


S-62 


&61 


5'a8 


60-76 


l88<HO 


6-4. 


371 


4-19 


3-16 


4-53 


2.8g 


3-88 


507 


3'27 


4.98 


S" 


667 


53-84 



The diumal range of rainfall for the 10 years, 1871-80, has been 
diacuseed by Mr. R. H. Scott in a paper published as an appendix to the 
Quarterly Wealker Report of 1877. In that paper all the, seven observa- 
tories are dealt with. During the decade there was no loss of hourly 
measurements at Valencia owing to snow, but the gauge was out of order 
for four months in the spring 1872. 
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The figures for the seasone and for the year are reproduced in Table 
XV. (p. 285), both for quantity and for frequency. The figures given have 
been subjected to simple smoothing by the formula 



The figures for quantity show a decided maiimum in the early 
morning hours, 4 to 6 a.m., and a minimum at 2 to 3 p.m., especially 
marked in summer, with a tendency at the same season for a secondary 
maximum at 6 p.m. Those for frequency exhibit a very striking march, 
with a maximum in the early morning, and a minimum about mid-day. 
The m ftTJ""! "! falls decidedly earlier in summer than in winter. The 
original paper gives curves for the individual months in which the varia- 
tions from month to month are clearly seen. 

TABLE XIV. — NnvBEa of Da.ts op Run, Monthly akd Annital, ncEiHa the 

TWBNTT-THEEB YbABS IS69 TO 1891, AHD MeANB FOE KACB LuSTSUU, AKD FOB 
TKK WBOLB PEBIOD. 
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it will be most convenient to treat of the occurrences of snow and 
hail together. Both belong, almost exclusively, to the winter season. The 
figures are taken from the telegraphic reports, as being more detailed 
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the weather registry kept at the observatory. The limited staflF at 
latter had their time pretty fully occupied with the work of keeping 
hi.^ instruments in action, as well as of measuring and tabulating their 
^^cjords numencally. 

T^ABLE XV.— Diurnal Range of the Amount and Frequency of Rainfall 

FOR THE Ten Years 1871 to 1880. 
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The following are the total number of these entries for the 22 years, 
Xkionth by month : — 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 
Snow . 19 12 23 5 2 2 5 24 

Hail . 78 48 57 32 17 1 1 1 5 38 57 47 

These figures show clearly that "hail" is probably always to be taken 
as " soft hail " or " graupel." Its extreme rarity in summer shows that it 
does not owe its origin to the same cause which produces the devastating 
hailstorms of the central European summer. 

The figures for snow show maxima in March and December, of nearly 
equal value, followed by January and February. It is of course naturally 
to be expected that snow should fall pre-eminently in the winter, but the 
figures for hail are very remarkable. We have the principal maximum in 
January, with secondary maxima of equal value in March and November, 
while December and February do not fall far short of their adjacent 
months. On the whole 75 per cent of the entries of hail occur between 
November and March inclusive, and as we shall see below, they bear 
hardly any relation to the figures for thunder. 

U 
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Thmder. 

The entries under this head are all that are available : there is no 
record as to whether the thunder was near or distant, and lightning is 
comparatively seldom entered. 

The monthly totals for 22 years are : — 

Jan. Feb. Mar. Apr. May. June. July. Ang. Sept. Oct. Nov. Dec. 
15 11 7 4 4 7 7 12 11 12 14 7 

The maximum is in January, with 15 instances in the 22 years. 
November comes next. There is a strongly marked minimum in April 
and May. The falling off of December to 7, between November (14) and 
January (15), is remarkable. 

Fog. 

In Mr. Scott's paper, " Fifteen Years' Fogs in the British Isles," pub- 
lished in Quarterly Journal of the Royal Meteorological Society, vol. xix., the 
statistics for a number of stations are given, and Valencia comes out very 
favourably among these. In the whole 15 years, only 81 fogs were 
reported there. The only stations with lower figures were Stomoway 
with 79, and Nairn with 77. The monthly figures for the three stations 
were as follows : — 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Tear. 

Valencia .9927413 12 8 15 63 81 
Stomoway 368669 11 7 10 466 79 
Nairn ..61676 16 78 14 232 77 

The only remarkable feature about these figures is their extreme 
irregularity. 

Sunshine, 

The sunshine recorder was not erected until April 1880, so that the 
data do not cover so long an interval as those for the other elements. In 
the volume of Hourly Means for the year 1891, lately published by the 
Meteorological Office, we find a discussion of the sunshine records for 
the ten years, 1881-90, at the seven observatories, and from that volume 
the subjoined statements have been extracted. I shall deal exclusively 
with the figures representing the percentages of the greatest possible 
number of hours. (Table XVI. p. 287.) 

The year commenced with a percentage of 21*9 in January, rising to 
a maximum of 43*3 in May. The figure then sinks to 31*7 in July, but 
rises to a second maximum of 35*9 in August; when this is past, the 
figures show a gradual decrease, until the minimum of 19*3 appears in 
December. (Fig. 4, p. 288.) 

The mean annual amount is 33 '8 per cent, corresponding to 1486*5 
hours of sunshine. The largest figure was in 1887, with 40*3 per cent. 
The smallest percentage recorded is 29*2 in 1886, representing only 
1286*8 hours out of a possible 4453. 

In considering the individual months, we find that there is but little 
diflFerence between April, May, and June, the respective numbers being 
40*9, 43-3, and 39*9. 
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On four occasions during the ten years, the monthly total 1 
exceeded one-half of the possible duration of sunshine. In 1887, 6' 
per cent was recorded in April, and 59'1 per cent in June, In W 
1881 and 1882, 58'5 and 538 were the respective percentages. 1 
amount has fallen below 20 per cent several times; in January five tim 
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February twice, November thrice, and December six times. The blacki 
month of all was January 1884, with only 8 per cent 

The figures for the diurnal range of sunshine for the station will 
found in the volume of Hourly Means already quoted, and the main fai 
of the phenomena have been given by Mr. R H. Curtis in a paper 
"The Hourly Variation of Sunshine at Seven Stations in the Briti 
Isles," Quarlerlt/ Journal of the Royal Meteordogical Society, vol. x 
p. 216. 
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DISCUSSION. 

The President (Mr. E. Mawley) said that from a meteorological point of 
view, he did not suppose there was any other spot in the British Isles as in- 
teresting as Valencia Island, owing to its extreme westerly position. For it 
was from there that we received the first indications of approaching storms from 
the Atlantic. Any paper, therefore, giving in so complete a form as that of 
Mr. CuUum a record of its climate for twenty-three years could not be other- 
wise than valuable. Even twenty-three years was, however, too short a period 
from which to draw precise conclusions as to seasonal changes. Consequently, 
some of the curves the author had given would no doubt have come out 
smoother than they did had observations for a greater number of years been 
available. Then again, although the temperatures were undoubtedly extremely 
equable at Valencia, when we come to consider the position of the thermometers, 
the unusual size of the bulbs, and their height above the ground, they could 
scarcely be quite as equable as represented in the paper. That is to say, such 
temperatures could not be very well considered strictly comparable with those 
made elsewhere under less exceptional conditions as regards the exposure of the 
instruments. 

Mr. B. Latham inquired whether the instruments were placed in a Stevenson 
screen, and whether there had been any comparison between the same and the 
photographic records. 

Mr. R. H. Scott said that the thermograph thermometers were in a wall 
screen on the level of the first floor of the house, 12 feet above the ground. 
The great advantage of the records in the paper was that they were continuous, 
so that the extremes, especially of pressure, were not dependent on observations 
made at stated hours. 

Mr. F. C. Bayard remarked that it would be interesting if a comparison 
were made between Valencia in the south-west, and Belmullet in the north- 
west of Ireland. As far as he could see, they were very similar in respect to 
temperature and rain. Was a published statement available ? 

Mr. R H. Scott said that the mean results of temperature for the two 
stations, Valencia and Belmullet, from the telegraphic reports, would appear in 
the forthcoming appendices to the Weekly Weather Reports for 1895, while 
the daily reports appeared side by side every day in the Daily Weather Reports. 

Mr. F. J. Brodie was surprised to find that while the description of instru- 
ments in use at Valencia included a brief reference to the anemometer, no 
attempt had been made to discuss the question of wind prevalence — a very 
important factor in regard to climate. A statement as to the relative prevalence 
of winds from different quarters would undoubtedly have been of great value, 
as also would information as to the average number of gales experienced at 
different times in the year. The interest of the paper would have been greater 
had some attempt been made to explain the causes of some of the more interest- 
ing features, and to point out the connection between the different meteorological 
elements. With respect, for example, to the extreme range of barometrical 
pressure in the various months, the author might have shown how the large 
range in January was due to the tendency not only for cyclones, but for anti- 
cyclones, to assume greater intensity in midwinter than in any other season. 
Similarly it might have l)een shown how the winter thunderstorms, so common 
at Valencia and on other parts of our western coasts, were due to the move- 
ments of the large Atlantic cyclones, the summer thunderstorms over England 
being occasioned, on the other hand, either by the advance of small, shallow 
systems, mostly from south or south-west, or by depressions which form 
directly over us. There was one point that seemed very difficult to explain, 
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and that was the strongly-marked barometrical minimum in April, a feature 
common to all places situated in the more southern parts of the united kingdom. 
In the northern districts the lowest mean pressures occurred, as a rule, either 
in January or November. The range in the annual rainfall was undoubtedly 
much smaller at Valencia than over England, the disparity between 69 inches 
in the wettest year, and 44 inches in the driest, being trifling as compared with 
London, where the records for the same twenty years showed amounts differing 
as widely as 32 inches and 1 7 inches. In spite of some defects and omissions 
the paper contained a large amount of very valuable information, and it was to 
be hoped that at some future time the records from the other observatories in 
connection with the Meteorological Council might be similarly dealt with. 
Additional information, say for Aberdeen and Kew, would complete a triangle, 
and afford interesting comparative results as to the weather in the western, 
northern, and south-eastern portions of the kingdom. 

Mr. B. Latham inquired what measurement of rain constituted a rainy day. 

Mr. H. S. Wallis said that the rule printed in British Rainfall runs, " if 
the amount is under "005 throw it away, if it is '005 to *010 enter it as "Ol." 
The small difference at Valencia between the rainfall of the wettest and of the 
driest year struck him as remarkable. It is a sort of axiom for the British 
Isles that the wettest year will have roughly twice the fall of the driest, and an 
exhaustive paper read by Mr. A. R. Binnie before the Institution of Civil 
Engineers (Proceedings InstCE.^ vol. cix. session 1891-92) seemed to show 
that this rule applies to nearly all parts of the world. 

Mr. T. W. Baker thought that there was no doubt as to the value of the 
paper, but it was imfortunate that observations of the grass minimum thermo- 
meter were not included. The exposure of the anemometer at the former site 
of the observatory was scarcely so good as it was now, but it would be interest- 
ing, at some future date, to compare the curves recorded at the two stations. 

Mr. R. H. Scott stated, in answer to Mr. Brodie, that a thoroughly satis- 
factory way of discussing anemometrical data had yet to be suggested. The 
method followed by Dr. Robinson in his discussion of the Armagh records, 
which had been more or less closely followed by the Meteorological Office in its 
discussions for Orkney, Bermuda, and Ascension, had not proved satisfactory in 
the variable winds of the temperate zone. Many important features were 
concealed by the resolution along four co-ordinates with ;plus and min%Ls signs, 
by which system winds of equal velocity from opposite points cancelled each 
other. Professor A. von Oettingen had suggested the printing of the full four 
co-ordinates N.KS.W. The winds at Valencia were very seriously affected 
by the hill rising to a height of 700 feet immediately to the north-west of the 
bay. The correction to the barometer for altitude was very small, as the 
cistern was only 23 feet above sea -level. With regard to Mr. Latham's 
question about the definition of a rainy day, Mr. Cullum had followed the 
practice usual in these islands of taking 0*005, or O'Ol, inch as the limit 
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May 20, 1896. 

Ordinary Meeting, 

Edward Mawley, F.R.H.S., President, in the Chair. 

Q. R. Andrews, C.E., F.R.G.S., Johannesburg, South Africa ; and 
Henry Ambrose Hunt, The Observatory, Sydney, New South Wales, 
were balloted for and duly elected Fellows of the Society. 

The following communication was read : — 

" The Exposure of Anemometers," By Richard H. Curtis, F.RMetSoc. 

(p. 237> 

A collection of 60 Photographs of Clouds, forwarded to the Society by Mr. 
H. C. Russell, F.R.S., of Sydney Observatory, were also exhibited. 



June 17, 1896. 

Ordinary Meeting, 

Edward Mawley, F.R.H.S., President, in the Chair. 

Arthur Liddall Bridge, Stroud Green Road, Finsbury Park, N. ; 
Henry Edward Leigh Canney, M.D., M.R.C.S., Luxor, Egypt; 
Septimus Sunderland, M.D., 11 Cavendish Place, Cavendish Square, W. ; 
Arthur Edmund Thompson, Leadenhall Buildings, E.C. ; and 
William Ferdinand Tyler, Lieut., R.N.R., c/o Commissioner of Customs, 
Shanghai, 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

"Arctic Hail and Thunderstorms." By Henry Harries, F.R.Met.Soc. 
(p. 251). 

"Climatology of Valencia Island, Co. Kerry." By J. E. Cullum, 
F.R.Met.Soc. (p. 267). 



CORKESPONDENCE AND NOTES. 

Total Solax Eclipse, August 9, 1896. — The British Astronomical Eclipse 
party, under the presidency of Mr. E. A. Maunder, assisted by Dr. A. N. 
Downing, F.R.S., and others, arrived at Vadso by the Norse King between 12 
and 1 a.m. on Monday, August 3rd. The wind was light from the West, and 
although the time for seeing the midnight sun was past by a few days, the 
light at midnight was sufficiently good to enable photographs to be taken with 
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very slight exposure. Tested roughly by means of a photographic actinometer, 
the actinic power of the light at midnight was about one-twelftti of its mid-day 
value. The temperature in the open air was 61**'0, and the pressure 29*64 ins. 
at sea-IeveL 

The instruments consisted of maximum, minimum, dry-bulb and wet-bulb 
thermometers in a Stevenson screen, a standard thermometer, a black bulb in 
vacuo, a terrestrial radiation thermometer, and two of Richard Fr^res* automatic 
instruments — a barograph and a thermograph — ^both capable of being adjusted 
so as to give an open trace of about an inch and a half to the hour. The wind 
direction and force was observed by a simple but effective instrument A 
piece of cotton wool teased out was connected by means of a fine silk thread to 
the end of a fishing-rod. This responded to the slightest breath of air. 

The screen was set up facing the north-north-west^ on the signal post 
adjoining the lighthouse on the highest part of the island of Yadso, opposite the 
town of that name on the north side of the Varanger Fjord, lat 69* 51' N., 
long. 29** 45' E., height above sea-level 94 feet 7 inches as determined by an 
aneroid. The bulbs of the screen instruments were 3 feet 9 inches above short 
grass. The solar radiation thermometer was the same height above the ground 
a little to the south, while the terrestrial radiation thermometer was placed on 
short grass near it. The fishing-rod was attached to the upper part of the flag- 
staff above the screen, the cardinal points being marked on the ground. The 
barograph and thermograph were placed on the top of the Stevenson screen, 
protected by a board from the sun and rain. 

Observations were taken at irregular intervals, the very defective arrange- 
ments for going to and fro — we lived on board ship — preventing the regularity 
desirable. Beside the observations taken at irregular intervals from the early 
morning of the drd until the evening of the 8th, at 9.30 p.m. on that day 
continuous hourly readings were made until 4 a.m. on the 9th, and then every 
five mintUes until 6 a.m., when the hourly observations were resumed and 
continued until 12.30 p.m. 

We left Vadso on Monday, August 10th. The pressure at 95 feet above 
sea-level was 29 '54 ins. on the 3rd at 1 ajn., and gradually and steadily rose 
each day, until at the time of the eclipse it stood perfectly steady at 30*07 ins. 
The temperature made a rather sudden drop the day of our arrival from 
61***0 at 1 a.m. on the 3rd to 51*-0 at 5 p.m., and 48'-0 at 9.45 p.m. The 
highest shade temperature after this was 56°'9 at 5.30 p.m. on the 4th. The 
greatest difference between the dry and wet bulb was 4'*-9 at 5.30 p.m. on the 
4th. The solar radiation reached 123°'5 on the 6th, and the terrestrial 
radiation fell to 30" "3 on the 7th. During the eclipse the temperatures were : — 
At first contact, dry 45°*0, wet 43°*8 ; rose to 45°*3 and 44**0 at 4.20 a.m. ; and 
fell to 44''*7 and 4 2° -9 at totality ; gradually rising to 45" -5 and 43"'2 at the 
final contact; and at 12.30 p.m. to 50°*0 and 45°'8. The thermograph showed 
a sudden drop at the moment of totality of tvxhtenths of a degree and an 
evident agitation of the instrument. 

The wind during the week of our stay was light, often fj&lling calm 
altogether. Its maximum force was 2 (Beaufort scale) on several days. On the 
morning of the eclipse it was very light from the North, and during the first 
phase fell dead calm. At 6 a.m. there was still no wind, but by 9 ajn. it had 
risen to force 2 and backed a point to the West 

Mist was frequent, and several showers fell during the week, but the amount 
of the rainfall was comparatively small On the night of the 8th rain fell from 
8.55 to 9.15 ; and on the 9th from 12.32 to 1.25 a.m., and a few drops just at 
the moment totality began. The sky was overcast except a patch in the north- 
north-west, and as the cloud drift was from that point the sky would soon have 
cleared in the direction of the sun but for continual condensation taking place 
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<}ver the higher land to our north and east The sun was just once seen during 
the first phase for a moment, and throughout the whole time of its phases there 
^^nrere small spots on the hiUs to the south of the Qord, on which a beam of 
light rested. The clouds were very low and pretty dense, so that only a deep 
<&inber hue round the east and south sea horizons was discernible, together with 
iihe weird bluish colour of the clouds which made the spectacle of totality so 
-very impressive. 

The loss of light was not so great as had been expected. There was no 
-difficulty in seeing objects round about. The seconds marked on a watch dial 

could distinctly be seen even through a celluloid covering. It certainly was 

much lighter than full moon. 

On the 4th at 7.30 p.m. the moon was seen some three degrees above the 

hills to the north. — Be v. J. Cairns Mitchell, B.D., F.RA.S. 

Whirlwind at Bridgwater. — On Tuesday afternoon, June 9th, the 
neighbourhood of Bridgwater, Somerset, was visited by a small cyclone or 
whirlwind. Mr. H. Corder, Sunnyside, Bridgwater, has sent us the following 
account, which has also appeared in the Bridgwater Independent : — 

It would appear that at about 4 o'clock on the same day a small whirlwind 
was formed near Glastonbury, which carried up forty or fifty tiles from some 
cottages, and also conveyed a basket some distance through the air. It then 
seems to have gone up again to the clouds, but may have been the commence- 
ment of the one which visited us a little later. From what we can gather the 
whirlwind was formed not far from Dunwear, or between that place and Chedzoy, 
in the form of a long " tail *' of black vapour hanging from the clouds, that it 
then moved towards Chedzoy, where it was met by an advancing storm cloud 
into which it seemed to merge, and then to turn back again towards the south, 
and immediately to lower itself among the tree-tops with a roaring noise. As 
the revolving wreaths of cloud drove through the trees they fell before it in 
rows, until in a few moments about forty trees were uprooted or snapped off in 
a space of about a quarter of a mile square. The centre of the cyclone seems to 
have passed down a ditch, where it has levelled the rushes and grass as if a 
torrent of water had rushed down the " rhine." Further on is a small orchard, 
and here all the larger trees are torn to pieces, and then the wind passed along 
a lane, leaving very distinct traces in the hedge where the brambles and 
grasses are flattened and tumbled about in a very curious manner. At the end 
of this lane is a cottage facing south, and the wind coming up behind it, or the 
sucking force exerted by the ascending whirl, blew out most of the windows 
into the garden, but fortunately did not unroof the house. From here the 
storm must have pretty nearly followed the course of the lane from East Bower 
to Dunwear, as several trees are broken and uprooted as far as Mr. May's 
farm. At the Great Western station the newspapers were scattered all over 
the platform, the carriage works had a narrow escape from being unroofed, 
and some amount of damage was done. Passing over the low ground the 
whirlwind next touched the trees round Mr. F. J. Thomson's grounds at Hamp, 
some apple trees were uprooted, and an elm snapped off at some height from 
the ground, and many smaller boughs broken in the plantations near, and in an 
oak tree a large limb was wrenched off and flung over among the other boughs. 
The writer was at this moment, 4.25 p.m., standing at the end of Northfield, 
where the crashing of the falling trees could be distinctly heard, and the 
whirling clouds and wind waving the distant trees had a very strange and awe- 
inspiring appearance. 

In the lower part of the town the clouds seemed almost to touch the roofis, 
and the drifting masses of dark vapour were thought by many to be caused by 
a great fire near by. No doubt the phenomenon appeared under very different 
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aspects for different stations, but from Northfield the sequence of events was in 
some such order as this : — At first a heavy thunderstorm passed from east to 
west, apparently between us and Petherton, and in its rear another rapidly 
formed in the east and north-east. This then divided, part going towards the 
north, the other towards the south, while the whirlwind passed between them, 
the higher mountainous clouds moving very slowly and towering high into the 
air, whilst below torn shreds of vapour were being whirled from all points of 
the compass, the centre of the storm especially being most marked, the clouds 
seemed to be rolled up and drawn into the intense black thundercloud in the 
south, while in a few moments it cleared as if by magic in the north and east, 
as the rushing wind swept over the neighbouring trees. Both sections of the 
storm then seemed to join again, apparently over Combwich, and loud peals of 
thunder and bursting reports like cannon pealed out from the solid black mass, 
which entirely hid the distant hills, with the torrents of rain falling over 
Cannington and neighbourhood. One of the strangest parts of the phenomenon 
was the unearthly humming sound caused by the whirlwind after it had again 
risen into the thundercloud, and which was plainly audible from the low fields 
for a considerable time in the distance. 

The rainfall here was under half-an-inch for the whole 24 hours, and none 
fell during the whirlwind or immediately after, and at present no accurate 
record has been sent us as to the amount which fell where the storm passed 
subsequently. 

Whirlwind on tlie Thames. — On Sunday afternoon, September 20th, the 
cutter yacht Cyclone^ 8 tons. Board of Trade register, was beating up the Horse 
Channel against a strong ebb tide and a moderate Westerly breeze. The sea was 
slight, as is usual when wind and tide are in the same direction ; the glass had 
been steady all day at 29*75 ins. At (I think) about 3.30 p.m. a squall was 
seen slowly approaching from the Isle of Sheppey, and we lowered the jib-headed 
topsail. At the same time a rainbow astern showed that a rain squall, which 
had missed us, was passing away to the eastward. The coming squall showed 
three flashes of lightning, the most vivid of which was horizontal, and its great 
apparent length — about four points of the compass — seemed to indicate that the 
discharge was close to us. On the other hand, the thunder was not loud, and was 
not nearly simultaneous with the flashes — from which fact, and from what 
followed, I am inclined to think that the electrical storm was some distance in 
the rear of the rain squall. The latter proved to contain more rain than wind, 
and, though evidently of great width, north and south, was of little depth. 
From the first drops of rain to the last was not more than three minutes. So 
far nothing extraordinary had occurred. The rain stopped, the sky cleared, and 
we again ran up our topsail. 

Ten minutes or a quarter of an hour afterwards I was taking off my oilskina 
on deck and remarking the peculiar appearance of the departing squall, which 
looked like a row of webs suspended from sky to sea, when an exclamation &onL 
the helmsman called my attention to a new and very terrible danger. In twc> 
minutes we had every stitch of sail off the boat, although, being in a narrow 
channel, we were in imminent risk of drifting aground, and had leisure to 
observe the phenomenon with comparative equanimity. We were off Beculvers j 
the time was about 4 p.m. On our port bow was a circle (ten or twenty feet in. 
diameter) of boiling steaming water, travelling down with the wind, though 
apparently in no very straight line, and revolving rapidly the while in " the way 
of the sun " upon its own centre. Perhaps the best idea I can give of it is by 
asking you to imagine a cauldron of the diameter mentioned immersed to the 
brim and full of water in violent ebullition, the water leaping up in places and 
covered with spray and spoondrift, which in the upper layers were so finely 
divided as to look like steam, the whole whirling round with extraordinaiy 
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rapidity. There was no appearance of a waterspout — perhaps because it was 
not raining at the time — and the "steam" did not rise more than two or three 
feet above the surface of the surrounding (normal) waves. The phenomenon, 
that is to say the effect of the whirlwind, was visible only on the surface of the 
water. I cannot describe the weirdness and wickedness of its appearance, an effect 
principally due to the impression which it produced upon the mind that it was 
a living, sentient, and evil thing. A paid hand on board compared it to " a nest 
of white serpents twirling and twisting and gambolling," and spoke of the 
apparition as he. He said that in fifteen years' experience off the east coast as 
fisherman and yacht hand, he had never seen anything like him. He passed us 
at a distance of about 200 yards in about 2 fathoms of water. We saw him 
pass two other yachts and a barge about half a mile astern, which, like us, 
had lowered all sail upon his approach. He seemed to be making straight for 
an excursion steamer which was coming through the Horse Channel, and we 
expected to see the air filled with hats and parasols and " presents from Margate," 
but he passed astern of the steamer and we saw him no more, being too busily 
occupied in getting up sail to watch him further. The sky was dull (white), but 
the light was good, and the clouds (white) apparently high, but a quarter of an 
hour or so after the thing had passed there was a flash of lightning and a peal of 
thunder so simultaneous and startling that I instinctively glanced at the masthead, 
and, indeed, I think the discharge must have passed through the shrouds (steel) 
into the sea, which at the time was washing over the lee raiL I may add that 
at five o'clock we saw two mock suns, and that for half an hour or so after the 
moon rose the reflection of frequent flashes of lightning was visible between her 
and the horizon. 

I could not get a reading of the barometer during the passing of the whirl- 
wind and of the rain-squall which preceded it, but two readings at half an hour 
interval in which the phenomena occurred gave the same result, namely 29*75 
ins., so that if the mercury was affected at all it must have recovered itself very 
quickly. From the force of the whirlwind and its small diameter I am of opinion 
that it would in a moment have disabled any sailing vessel which it caught un- 
prepared. — H. Hall, 23 Cedars' Road, Beckenham, Kent. 

Bambow at Cape Town, June 6, 1896. — I am writing to tell you of a 
rainbow which I saw here, which, in my experience, is unique, in the hope that 
it may be of some interest. I should say that my notes were made within half 
an hour of my seeing the bow, so that they are so far trustworthy. 

Cape Town, 5 p.m. (local time), June 6th. — I saw a double rainbow in the 
fog in front of Table Mountain, extending over the bay. Its arc was about 120**. 
The primary bow (red outside) was bright, and inside it I counted four other 
reds concentric with the first ; the other colours were too faint to be seen. The 
secondary bow (outside the first, red to inside of bow) was fairly distinct all through 
the arc of the primary bow, and outside it again a second red was distinctiy 
visible. The distance between the successive reds in the primary bow diminished 
as you passed towards the centre. The bow was fairly permanent. I watched 
it for over five minutes myself, and I do not know how much longer it may have 
lasted. I have never seen such a perfect specimen, and do not know if it is of 
specially rare occurrence. — R. J. S. Simpson. 

Bemarkable Electrical Phenomenon. — In the Zeitschrift fiir Elektrotechnik 
a description is given of the following unique display of atmospheric electricity 
which was observed by a farmer while driving along a narrow private road 
having a wire fence on each side. When his vehicle had gone about 400 feet 
from the commencement of the wire fences his attention was attracted by a bright 
light behind him. On looking round he saw fire balls about the size of a man's 
hand travelling towards him along the wire on both sides. In a moment they 
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were abreast of the carriage, and then travelled along with it pari passuy while 
brush discharges and audible crackling, as from a large electric machine, were 
observed to proceed from the fire balls towards, apparently, the iron parts of the 
carriage. Vibrations of the wires could be distinctly heard, and a torrent of 
sparks sprang over from the fences to the carriage and horses. The frightened 
horses now ran away, but they could not shake off their fiery escort till the 
fences were interrupted by gaps on each side. No detonation or noise, other 
than the crackling already mentioned, was heard. The whole phenomenon 
lasted about 12 seconds. The field was examined the next day to see whether 
the phenomenon had not been due to fireworks projected at the carriage by some 
practical joker, but no traces could be found which would justify such an 
explanation. The wires at certain points were blued, as if by heat, and every- 
thing seemed to point to its being a genuine electrical phenomenon. The time 
was May 14, 1896, about 9 p.m. ; there were no thunderstorms in the neigh- 
bourhood, and the weather was unsettled and rainy. — Electrical Review, 

Sunsliine in Germany. — A table of the sunshine at twenty-nine towns is 
published by Herr Helmuth Konig in the Annalen der Hydrographie, Heft viL 
The sunshine has in all cases been registered by the Campbell-Stokes recorder, 
and the records of most of the stations extend over six to eight years, while a 
few have been kept for as long as ten or twelve years. The monthly amounts 
have been reduced to 30 days, while the yearly totals refer to the full year of 
365 days. 

In discussing the results, Herr Konig points out that the duration of sunshine 
increases unmistakably, though irregularly, from west to east The stations 
close to the coast and their hours of sunshine are as follows: — Emden, 1770 
hours; Meldorf, 1706 ; Kiel, 1510; Rostock, 1693; Kolberg, 1773; Ditschau, 
1801. An uninterrupted increase is therefore evident, on the Baltic coast, in a 
direction from west to east On the North Sea coast, on the other hand, there - 
is a diminution in the Same direction. Jutland and the Danish Isles seem to* 
form a boundary as regards insolation between the North and Baltic Seas, for 
the yearly mean at Copenhagen is only 1204 hours, or less than at Hamburg,, 
which has 1333 hours ; while Emden, Heligoland, Meldorf, and Bremen have 
more sunshine than the western stations on the Baltic. So, too, the stations 
beyond the German boundary, in Brussels and on the south coast of Englanc 
have a still longer duration of sunshine. In general, places inland receive 1< 
sunshine, as shown by the figures for EUewiek, 1698 ; Cassel, 1614 ; Magd( 
burg, 1603 ; Breslau, 1691. There are, in this case also, some notable exce] 
tions. There is, further, an increase of sunshine towards south, independents ^ 
of the law of decrease with distance from the sea. For Vienna, Padua, and Rome 
the figures are 1816, 2057, and 2431 respectively ; and if to these be added th< 
maximum in Europe, namely 2908 hours at Madrid, it will be seen that th( 
insolation increases more regularly and more rapidly towards the south than^v 
along a parallel of latitude. 

The topographical situation must have an influence on the duration of sun- 
shine, as clouds are formed to a great extent on mountains. On the other 
hand, valleys lose sunshine owing to the overshadowing heights and their cloud- 
caps, as well as through the mist that often rises in them. Thus the Inselberg, 
2972 feet above sea-level, has 1522 hours, while Erfurt, 2300 feet lower, has 
1622. The diflerence is chiefly made up during summer and autumn. Again, 
the Sonnblick and Obir have 1531 and 1642 hours respectively, as against 
1816 at Vienna, the proportions of the possible duration being 34, 37, and 41 
per cent 

In general, the yearly period exhibits great regularity. The hours of sun- 
shine gradually increase from the minimum to the maximum, and as gradually 
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lecrease. The position of the minimum is remarkably constant Except at 
miewiek and Poppelsdorf, where it occurs in January, the minimum always 
ppears in December — that is, on the shortest days, when, the sun being low, the 
ays have to penetrate a thicker stratum of air. The absolute amount varies in 
;eneral from 30 to 40 hours, or 13 to 17 per cent. It is still less at Mai^ggra- 
K)wa, Kiel, and Eberswalde (10 per cent), Hamburg (9 per cent), and Stutt- 
;art (3 per cent), while it is above these limits at Leobschutz, Erfurt, and 
Smden (20), Chemnitz (21), Jena (22), Ellewiek and Poppelsdorf (22 to 23). 
rhe maximum has a less uniform character. It does not fall in the period of 
he longest days, for almost everywhere, at least in Northern Europe, there is a 
ailing off in the duration of sunshine in June and July. Over the whole of 
!^orth- western Europe there is a pronounced maximum in May, generally 
bllowed by a secondary maximum in August. As the latitude becomes lower, 
Lnd the longitude increases, the chief maximum moves more and more toward 
;he summer, until at last the positions of the two maxima are reversed. South 
Prance, Switzerland, the Adriatic, and whole of Southern Europe have the chief 
naximum in July or August At the Qerman stations the August maximum 
iverages something under 50 per cent, and in a few cases reaches 52. In the 
M>uth much higher values are attained : Vienna, 54 ; Zurich, 57 ; Trieste, 66 ; 
k[ontpellier, 67 ; Lugano, 67; Home, 75 ; and Madrid, 84. On the mountains 
he duration of sunshine is more equally distributed throughout the year. On 
he Sonnblick the monthly minimum is 115 hours, while the maximum is 151; 
ind on the Obir and Santis the range is much the same. Again, the winter 
nonths are very sunny, the percental maxima occurring at this season. 

The daily period is also very simple in its variation. On the whole, the 
luration of sunshine follows the course of the sun, rising in the morning to a 
naximum in the middle of the day, and then declining. Little sunshine is 
•egistered in the early morning and late in the evening, owing to the low 
dtitude of the sun, but, as a rule, twice as much is registered towards sunset as 
lear sunrise. The increase is much more gradu£d than the decline, which b 
'ery marked from 4 p.m. At high stations the variations follow in reversed 
irder. Sunshine is most frequent and of longest duration between one 
.nd two o'clock at most stations, but at Rome and Madrid the maximum is 
•cached between ten and eleven o'clock, and at high-level stations an hour earlier. 
U the beginning of the year the daily maximum is usually at mid-day, and is 
cached at an earlier hour as the summer approaches, returning to its former 
Kwition at the end of the year. At the German coast stations, however, the 
naximum has a tendency to move to the hours of the afternoon. One 
>cculiarity in the daily variations is, that in the warmer season there is often a 
lepression in the curve of sunshine at mid-day, so that the maximum is 
eparated into two parts by an intervening minimum. The cause probably lies 
n the formation of clouds, which, as shown by hourly observations at Qorlitz 
,nd Potsdam, is greater between eleven and two o'clock than earlier or later. — 
ycottish Geographical Magazine, October 1896. 

Mont Blanc Observatory. — With respect to the results obtained by M. 
anssen at his observatory on the summit of Mont Blanc, Mr. T. H. Morgan 
ends us the following particulars : — 

1. The vexed question of whether the traces of oxygen observed in the solar 
pectroscope were due to the sun's light or to our own atmosphere has been 
ettled. The evidence of oxygen (as we chemically know it) is entirely absent ; 
, main question to settle. 

2. The diurnal barometrical variation, which is scarcely marked at or near 
ea-level, is of a very pronounced character. 

3. The diurnal temperature range is very small relatively to that of the 
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Grands Molets^ Chamoonix, etc., and still relatively smaller to that at Geneva 
and on the plains. 

4. The hygrometric state is very much opposed to the cnrves observed below, 
&.g. at the time at Geneva and Chamoonix when the air gets driest (at or towards 
mid-day) the air at the summit begins to get moister, this moisture culminating 
at 6 p.m. in summer. 

5. The temperature of the glacier decreases from the near surface. 

6. The size of the grains of ice increases in depth, not because the water is 
dissolved from the surface and descends to thicken them, as was thought by 
most, but simply by pressure ; for it is observed on the summit glacier where no 
water is ever produced by the sun's heat 

7. In violent storms the wind does not, as might have been imagined, blow 
with steady pressure, due to no interruptions of surface configuration, as at points 
below, but has rapid alterations of pressure. An instantaneous downward 
movement to nearly a tenth of an inch precedes a very violent gust, which 
latter follows immediately. The barometer then rises, and a period of relative 
calm comes on, till in a minute or two there is a repetition of the same thing. 
Hence it follows that the gusty state of storms at the earth's surface is not due 
to configuration, but to general high atmospheric whirlwind conditions. This 
statement is open to a query. 

New England Meteorological Society. — We regret to learn that this 
Society has been dissolved. The reason for this action is stated by the Secretary 
to be as follows : — " Since the system of meteorological observations in New 
England, and the publication of a monthly bulletin were transferred to the New 
England Weather Service several years ago, the chief service of the Society, 
apart from its meetings, has been in the assistance it gave to the American 
Meitorological Journal, by subscribing for it for all regular members. Now that 
the Journal is to be discontinued by reason of insufficient support, the meetings 
of the Society, attended only by few of its small number of members, seem a 
hanlly sufficient object to warrant the continuance of the organisation. The 
Council therefore voted to recommend that the Society be dissolved at the end 
of the present Society year." 



EECENT PUBLICATIONS. 

American Meteorological Journal, Vol. XII. No. 12. April 1896. 8vo. 

The principal articles are : — A speculation in topographical climatology : by 
Prof. W. M. Davis (10 pp.). — The new meteorological observatory on the 
Brocken : by A L. Rotch (3 pp.). 

We regret that this interesting and useful publication ceases with this part 
The editor gives the following reasons for its suspension; — " It is probably known 
to our readers of the Journal that its publication has been attended with a very 
considerable financial loss on the part of the editors ever since its foundation in 
1884. The Journal could never have been started and maintained through the 
early years of its life without the very generous financial aid given it by 
Prof. Mark W. Harrington and Mr. A. Lawrence Rotch, and during the last 
few years it has only been continued at a further yearly loss on the part of the 
editor. This is equivalent to saying that the Journal has not received the 
support from the country at large that it seems to the proprietors and editors to 
have deserved. As long as there seemed any prospect of obtaining this support, 
the voluntary financial assistance thus freely given it was gladly contributed. 
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After a trial of twelve years, however, without any marked increase in the 
subscription list, those who have been most zealous in assisting the Jov/mal feel 
discouraged at the outlook, and see no other solution of the problem than a 
complete suspension of publication. In justice to the publishers, Messrs. Ginn 
and Co., of Boston, it should be stated that the decision to suspend publication 
was reached by the proprietors alone, and was not in any way brought about by 
a desire to discontinue on the part of the publishers, even though the Journal 
has every year caused them a pecuniary loss." 

British Rainfall, 1895. Compiled by G. J. Symons, F.R.S., and a 
SowERBY Wallis. 8vo. 1896. 

In addition to the usual rainfall data from 3084 stations distributed over 
Great Britain and Ireland, this contains several articles upon rainfall work. 
The principal article is that entitled " Seath waiters Jubilee, 1846-94." 
Seathwaite, which is situated in Borrowdale, Cumberland, is about a mile north 
of The Stye (the reputed wettest spot in the British Isles) ; and it is interesting 
to know that continuous rainfall records exist for this place extending over half 
a century. The results show that the average yearly rainfall is 135 ins. ; 
the wettest year having 182 ins. and the driest year 88 ins. The greatest 
monthly rainfall was 35-41 ins. in November 1861, and the least monthly rain- 
fall 0*59 ins. in September 1894. There are nine recorded cases of more than 
6 ins. falling in one day — ^probably there have been about a dozen ; the heaviest 
recorded was 7 "5 2 ins. on November 26, 1861. 

Meteorologische ZeitschrifL Redigirt von Dr. J. Hann und Dr. G. 
Hellmann. May — September 1896. 4to. 

The principal articles are : — Ueber holospharische Isanomalen der Tempera- 
tur ; von E. Sella (6 pp.). Dove in his isabnormal maps took the theoretical 
temperature for each parallel in the two hemispheres separately and referred the 
actual temperatures to the figures so obtained. M. Sella takes as the real 
temperature of each parallel the mean of the theoretical temperature for the 
corresponding parallels in both hemispheres, and consequently obtains a series of 
lines which differ more or less from Dove. — Tagliche Periode der Luftstromung 
in Bezug auf Richtung, Geschwindigkeit und Drehung : von J. Hegyfoky (10 
pp.). This is a discussion of the diurnal shift of wind and cloud at Tur Kevi, 
in the central plain of Hungary, carried out from March to September inclusive, 
in the years 1894 and 1895. Two hourly observations were made from 5 a.nL 
to 9 p.m., but the only instruments available were a Wild's pressure plate and a 
wire ring as a nephoscope. The general result of the discussion is that the 
wind has a tendency to shift towards the direction from which the lower 
clouds are moving. In the region of the clouds the tendency is to shift against 
the general Westerly wind. — Experimentelle Untersuchung des Assmann'schen 
Psychrometers : von A. Svensson (13 pp.). This paper is not complete, as the 
mildness of last winter prevented the obtaining of data during severe frost 
The paper deserves careful study from persons interested in the theory of the 
wet -bulb hygrometer. — Atmospharische Elecktricitat : von Prof. A. Schuster, 
(15 pp.). This is a translation of a lecture delivered at the Royal Institution, 
London. — Obere Luftstromungen tiber der indischen Monsun-Region : von W. L. 
Dallas (6 pp.). This is a continuation of a paper Mr. Dallas sent to the Royal 
Meteorological Society in 1893 {Quarterly Journal^ vol. xix. p. 239), which dealt 
with the movements of the upper currents over the Arabian Sea. The present 
paper deals with the Bay of Bengal, and unfortunately the Arabian Sea is not 
included, as the original numbers on which the Arabian Sea paper was based 
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have been lost The chief fact which comes out is that the cirrus changes its 
direction with the Monsoons : — December to February is N. 19" K ; March to 
May, S. 50" W. ; June to August, S. 11" W. ; and September to November, 
N. 45" E. The movements are shown on four charts. Mr. Dallas at the close 
points out that he has found it impossible to connect the cloud motion at the 
level of 10,000 feet with the pressure distribution below. The great difficulty 
in this is that clouds almost always arise from disturbances of the atmosphere, 
and of this he gives instances. Another difficulty is that observers do not 
estimate cloud elevation correctly or uniformly. In the South-west Monsoon 
three distinct strata of air motion exist The lowest is from South-west ; above 
this comes a motion from South-east and East ; and above all there is the return 
current from the thermal equator to the southern hemisphere. Observers become 
confused I between these three currents. — Ueber Anemometer-Aufstellung : von 
R H. Curtis (7 pp.). This is an abstract of Mr. Curtis^s appearing in the present 
number of the Quarterly Journal, p. 237. The Council allowed an advance 
proof of the paper to be sent to Vienna for publication in the Zeitschrift in view 
of the approaching International Meteorological Conference in Paris. — Ueber die 
Beziehungen zwischen hydrographischen und meteorologischen Phanomenen : 
von A. Pettersson (36 pp.). This is an account of the work which the author, 
with Dr. Q. Ekman, has carried out during the last five years, in correlating the 
surface temperature and saline contents of the sea water in the North Sea and 
Baltic with the weather of Scandinavia. In this country Mr. H. N. Dickson 
has joined in the work, and has made various trips in the Jackal. Dr. Pettersson 
is of opinion that a systematic record of the sea temperature would give great 
assistance in forming a judgment as to the coming weather, i.e. the general 
character of coming seasons. The paper concludes with an account of the 
organisation in Sweden and the adjacent countries for the coming winter, and 
an appeal for co-operation from other countries, and from Atlantic steam lines. — 
Psychrometrische Studien und Beitrage : von 0. Edelmann (23 pp.). This is an 
elaborate investigation into the whole question of Hygrometry, which requires 
most careful study. The author concludes by saying that Assmann's instru- 
ment is the best of its kind, and that for the dry and wet bulb thermometer 
Auguste's formula is the best, but that this form of hygrometer can never give 
satisfactory results at low temperatures, and no general formula can be accepted. 

Proceedings of the Boyd Society, Vol. LIX.-LX. Nos. 358-359. 1896. 
8vo. 

Contains : — Report of the Kew Observatory Committee for the year ending 
December 31, 1896 (32 pp.). — Observations on atmospheric electricity at the 
Kew Observatory : by C. Chree, ScD. (37 pp.). The author finds that there is 
a connection between low potential and long previous sunshine, high temperature, 
low barometric pressure, and high wind velocity. It is also probable that the 
potential tends to be higher during anticyclonic than during cyclonic weather. 

Proceedings of the Royal Society of Edirihurgh, Vol. XX. 1895. 8vo. 

Contains : — On some observations made without a Dust Counter on the 
hazing effect of atmospheric dust: by John Aitken, F.R.S. (16 pp.). The con- 
clusions arrived at in this paper may be summed up as follows : — Accepting 
the two following conclusions arrived at in- previous communications on atmo- 
spheric dust, namely, that when the wind blows from populated areas the number 
of dust particles is always very great, and that for a given humidity the 
thickness of a haze is in proportion to the number of dust particles present, 
observations were made to test to what extent the air from populated areas was 
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hazed compared with that blowing over thinly populated districts. Falkirk is 
80 situated that the winds from the West, North-west, and North come to it but 
little polluted, whilst from all other directions it comes polluted by its passage 
over more or less densely populated districts. By comparing the haze on days 
when the air had the same humidity, the relative transparency of winds from 
different directions has been obtained — that is, the relative transparencies of the air 
from polluted and from unpolluted areas. Winds from the West, North-west, 
and North are more than six times clearer than the Southerly winds when the 
air is damp, and more than nine times clearer when the air is dry enough to 
give 3° or more of wet bulb depression. The air near Falkirk is about ten 
times more hazed when the wind is East, South-east, South, and South-west than 
it would be if there were no inhabitants in the country. The transparency of 
the air increases with its dryness, becoming about 3'7 times clearer when the wet- 
bulb depression is 8° than when it is 2'. That is, the clearness of the air is 
inversely proportional to its relative humidity ; or, put another way, if the air is 
four times drier, it is about four times clearer. The isatmid lines for Falkirk for 
the different directions of wind at different humidities show that the density of 
the haze in our atmosphere is proportional to the density of the population in 
the direction from which the wind blows ; the isatmid lines for all humidities 
being closer to the place of observation, the denser the population in the direction 
from which the wind blows. 

Symons's Monthly Meteorological Magazine, July — September 1896. 8vo. 

The principal articles are : — The International Cloud Atlas (2 pp.). — The 
worst gale of the nineteenth century in the English Midlands : by J. Q. Wood 
(2 pp.). — The spring drought of 1896 (6 pp.). — The Thames run dry (3 pp.). The 
years in which it was possible to walk across the Thames at London Bridge were 
as follows: 1114, 1158, 1281, 1541, 1591, 1592, 1687, and 1716.— The first 
use of kites in Meteorology : by A. L. Rotch (2 pp.). — The first Daily Weather 
Map, sold in the Great Exhibition of 1851 (1 p.). A reduced copy of this map 
is attached to this article. — Whirlwinds at Bridgwater and Eastbourne (3 pp.). 
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